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VOL. XVII. SEPTEMBER 1, 1906. NO. I. 

ON LP eACTION OF CHEORAW HYDRATE ON THE 

HEART WITH REFERENCE TO THE SO-CALLED 

ED VolOL@OGICAL PROPERTIES OF HEART MUSCLE. 

A. J. CARLSON. 

[from the Hull Physiological Laboratory of the University of Chicago.] 

I. 

HE peculiarities of the heart tissues as revealed by the 
response of the heart to direct stimulation are generally con- 

sidered to indicate the properties of the heart muscle, only scant 

consideration being usually given to the part that the intrinsic 

nervous system in the heart may play in these reactions. In the 

reaction of the heart to direct stimulation the influence of extrinsic 

nerves and nerve endings may possibly be eliminated by section of 

these nerves and allowing time for degeneration. The cardiac fibres 

of the vagi may possibly be eliminated by atropin and _ nicotine, 

although the point of action of these drugs in the vertebrate heart is 

still a matter of inference by analogy. According to Hering there 
is no drug that will abolish the action of the augmentor nerves on 

the heart without impairing the heart muscle.t The fact that the 

ventricular apex exhibits the reaction characteristic of the heart 

tissues on direct stimnlation may be urged as evidence that the 

intrinsic nervous tissue is not a factor in these reactions, but even 

the apex of the ventricle contains the typical nerve plexus or intra- 

muscular nerve net, and in some vertebrates at least, ganglion cells.? 

1 HERING: Archiv fiir die gesammte Physiologie, 1903, xcix, p. 250. 

2 Carson: Archiv fiir die gesammte Physiologie, 1905, cix, p. 51. 

I 



2 A. F Carlson. 

Unless the intrinsic nervous system in the heart walls is thrown out 

of function it is obvious that any stimulus that affects the muscle 

cells will at the same time act on the nervous tissue. In fact, the 

nervous tissue may be more highly excitable than the muscle cells to 

many forms of stimuli, so that some of the reactions of the heart to 

direct stimulation may be caused by the stimulation of the nervous 

tissue alone. It would then seem obvious that ‘(as yet we do not know 

the properties of the heart muscle in the vertebrates apart from the 

intrinsic nervous tissue.”1 It may be that the peculiarities revealed 

by the response of the heart to direct stimulation are due to the 

peculiar properties of the heart muscle, but it is also possible that 

they are due to the*peculiar properties of the intrinsic nervous tissue 

in the heart and to the physiological interaction between the two 

tissues. Direct proofs are lacking in support of either view. 

Il. 

Harnack, Bohme,’? and Rohde! have recently made important 

contributions towards the solution of this question. When the heart 

of the frog or the tortoise is subjected to the action of mono-iodine 

aldehyde or chloral hydrate it is brought to a standstill in diastole 

after a primary augmentation of the rhythm, while the heart still re- 

tains its excitability and contractility, as shown by its response to 

direct stimulation. The first action of these drugs is therefore the 

abolition of automaticity after a primary stimulation. If the drugs 

are confined to the ventricle, the latter continues to beat in synchrony 

with the auricles as long as it retains its excitability to direct stimu- 

lation. The work of Rohde seems to show that at a certain stage in 

the action of chloral hydrate on the heart all special peculiarities of 

response of the heart to direct stimulation are abolished while excita- 

bility and contractility of the heart walls still remain. At this stage 

the heart responds to direct stimulation like an ordinary skeletal or 

smooth muscle. It is readily tetanized, the characteristic refractory 

period is not in evidence, and the heart responds to stimuli of gradu- 

ally increasing strength with contractions of gradually increasing 

1 CARLSON: This journal, 1905, xii, p- 494. 

2 HARNACK: Archiv fiir Physiologie, 1904, Pp. 415- 

8 BOHME: Archiv fiir experimentelle Pathologie und Pharmakologie, 1905, 

liii, p. 346. 

+ RoupE: Archiv fiir experimentelle Pathologie und Pharmakologie, 1905, liv, 

p. 104. 
i 



Action of Chloral Hydrate on the Heart. 3 

amplitude, Rohde’s interpretation of these results are that the 

chloral hydrate paralyzes the intrinsic nervous tissues in the heart 

before complete paralysis of the heart muscle is effected, and the 

heart muscle thus separated from the intrinsic nervous tissues re- 

sponds to direct stimulation much like ordinary skeletal or smooth 

muscle. The peculiarities in the response of the normal heart to 

direct stimulation is therefore due to the direct stimulation of the 

nervous tissues in the heart. Rohde cites experiments of Uexkiill 

(on Sipuculus), Bethe (on Medusze), and Magnus (on the intestines ) 

as supporting by analogy this interpretation. 

Rohde’s experiments are, however, capable of another interpre- 

tation. Such a powerful general anesthetic as chloral hydrate must 

necessarily act on all the tissues in the heart. It is conceivable that 

at a certain stage in the action of the chloral hydrate on the muscle 

cells these cells lose their peculiar properties of refractory state — all 

or none response and non-tetanizability —while the more fundamental 

properties of excitability and contractility are retained till a later 

stage in the action of the drug. In other words, the chloral hydrate 

may act on the heart muscle itself in a way to alter its response to 

artificial stimulation. Personally, I do not think that this objection 

will prove true, but as long as this interpretation remains a possibility 

the question must be recognized as an open one. 

Ill. 

In the heart of Limulus, Rohde’s interpretation of the action of 

chloral hydrate may be put to the experimental test. The function 

of the intrinsic nervous system in this heart is known. It is, further- 

more, without destroying the heart rhythm, possible so to separate 

the automatic heart ganglion, the nerve plexus, and the heart muscle 

that the action of a drug may be confined to either tissue without 

affecting the other. In this way it is a relatively simple matter to 

determine the point of action of any drug in this heart as well as the 

intensity or rapidity of action of general protoplasmie poisons, like 

chloral hydrate, on the muscular and the nervous tissues. An ex- 

tended series of experiments along this line have been carried out 

making use of a number of drugs. The general results of this work 

are soon to be reported. Chloral hydrate was included in the list of 

drugs studied. The experiments with this drug were carried out in 

the summer of 1905. The two main points of interest in the action 
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of this drug on the Limulus heart were that the heart ganglion is 

more sensitive to the drug than the heart muscle, and that the drug 

has a primary stimulating action on the heart ganglion, while it 

depresses the heart muscle without any initial stimulation. These 

characteristics are, however, not peculiar to chloral hydrate, as several 

drugs act in the same manner on the ganglion and on the muscle. 

On the appearance of Rohde’s paper I decided to repeat some of the 

experiments with chloral hydrate with a view of determining whether 

this drug completely paralyzes the nervous tissues in the heart before 

the muscular tissue is paralyzed. For accounts of the methods of 

preparing the heart and recording the heart action, in these and 

similar series of experiments, the reader is referred to one of my 

previous papers.! The drug was used in ;sotonic solution (8; 7), and 

this was mixed with Limulus plasma or sea water in any proportion 

desired. 

IV. 

Chloral hydrate has a primary stimulating action on the heart 

ganglion. The stronger the concentration of the drug, the greater 

the primary stimulating action. When a solution of the drug is 

applied to the isolated posterior end of the heart ganglion, the first 

heart segment being used for recording, the rhythm is greatly aug- 

mented both in rate and intensity. This augmentation may approach 

incomplete tetanus before the depressor phase and ultimate cessation 

of the ganglionic activity sets in. The augmented ganglionic rhythm 

is nearly always irregular in the way of alternating strong and weak 

nervous discharges, grouping of the nervous discharges, etc. 

Chloral hydrate, dissolved in the plasma or sea water surrounding 

the heart, depresses the excitability and contractility of the heart muscle 

without primary stimulation. No strength of the drug was found that 

would give a distinct increase in the strength of the contraction when 

confined to the heart muscle (and nerve and nerve-endings in the 

muscle), but the stronger concentrations of the drug tend to produce 

an increased stonus in the muscle. This tonus contraction is not 

accompanied by any increase in the amplitude of the beats, and 

it does not appear when relatively weak concentrations of the drug 

are employed. It is therefore evident that chloral hydrate has 

primarily an opposite action on the two tissues of the heart, —a 

primary stimulating action on the heart ganglion, and a primary and 

1 CARLSON: This journal, 1906, xv, P- 207- 
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continuous depressing action on the heart muscle (and nerve.endings), 

while the final action of the drug is the same for both tissues, namely, 

complete anesthesia or paralysis. Because of the greater sensitive- 

ness of the heart ganglion to the drug, the primary stimulating action 

is first in evidence when the chloral hydrate is applied to the whole 

heart. A similar primary stimulating action of chloral hydrate on 

the frog’s heart is recorded by Rohde. So far, then, the action of 

this drug is the same on the frog’s heart and the Limulus heart. In 

the case of the Limulus heart, the primary augmented rhythm follow- 

ing the application of the drug is due to the action of the drug on the 

automatic ganglion. This may also be the mechanism of the primary 

stimulation in the vertebrate heart, but this view is an interpretation 

only ; a demonstration of it is so far wanting. 

We 

When a solution of chloral hydrate is applied to the entire heart, the 

heart tissues are ultimately paralyzed in the following order: ganglion, 

nerves, or nerve endings, muscle. The automatic activity and reflex 

function of the ganglion appear to be abolished simultaneously. At 

any rate, I never succeeded in obtaining any reflex response from the 

ganglion on stimulation of any of the nerves leading from the gan- 

glion to the heart muscle after the ganglionic rhythm had ceased 

completely in the chloral narcosis. Such reflex responses are always 

obtained from the ganglion under normal conditions, as I have pointed 

out in a previous paper! At the stage when the automatic and reflex 

activities of the heart ganglion are completely suppressed by a solu- 

tion of chloral hydrate acting on the whole heart, direct stimulation 

of the nerves leading from the ganglion to the heart muscle still 

causes contraction of the latter, and when on continued action of the 

drug the muscle finally ceases to respond to the stimulation of the 

nerves, direct stimulation of the muscle itself still produces contrac- 

tion. Accurate time measurements were not made, but in a solution 

of the drug that abolishes automatism and reflex activity of the 

ganglion in about ten minutes, the nerves remain excitable for fifteen 

to twenty minutes, and the heart muscle itself thirty to forty-five 

minutes longer. There can be, therefore, no question of the accuracy 

of the above thesis for the Limulus heart. I have spoken of the 

stage when the muscle ceases to respond to the stimulation of the 

1 CaRLsoNn: This journal, 1905, xii, p. 483. 
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nerves, as the point of paralysis of the nerves. It may be, of course, 

that it is the nerve endings and not the nerve plexus itself that is 

completely narcotized, or it is possible that the excitability of the 

heart muscle itself is so greatly reduced that it no longer responds to” 

the impulses from the nerves, although it can be made to contract by 

a strong electrical stimulus sent directly through the muscle cells. But 

these possibilities have no bearing on the question before us, for no 

Cc LUNIA VANILLI Uadtndneannaanarannaonanneannnnrannnanesnnanr
vennnnteneeeeee sees 

B UU 

yi lataaitodd 
Ficure 1.— Two-fifths the original size. Tracings from the anterior end of the Limulus 

heart. A, heart ganglion isolated posteriorly, recording end of heart bathed in 

plasma; X, chloral hydrate and plasma in the proportion of 1 to 50, applied to the 

ganglion, showing primary stimulation of the ganglion. 4, heart prepared as in 4; 

X, chloral hydrate and plasma in proportion of 1 to 15 applied to the ganglion, 

showing primary stimulation and tetanus of the ganglion. C, ganglion extirpated in 

the first two heart segments, the lateral nerves being left intact; *, chloral hydrate 

and plasma in proportion of 1 to 15 applied to the ganglion free recording end, 

showing gradual diminution in the amplitude of the contraction. 

X hen 
A cl 

matter where the paralysis is located at this stage, it is obvious 

that on direct stimulation of the heart the stimulation of the intrinsic 

nerve plexus takes no part in the results. 

VI. 

The results on the Limulus heart are therefore in complete agree- 

ment with Rohde’s interpretation of the mechanism of the change in 

the response of the vertebrate heart to direct stimulation during the 

different stages of chloral hydrate narcosis. In the Limulus heart 

the results are a matter of demonstration, not of interpretation. But 

in so far as the action of this drug appears to be identical in the 

Limulus and the frog’s heart, it seems to me, these results in Limulus 

lend some support to Rohde’s theory. I have pointed out in a pre- 

vious paper some of the changes in the response of the Limulus 

heart to direct stimulation following extirpation of the ganglion. 

Complete paralysis of the ganglion by a drug is, of course, equivalent 

to extirpation. 
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According to a preliminary statement by Howell, Mr. Schultz, one 

of Howell’s students, has failed to confirm Rohde’s results, particu- 

larly as regards the abolition of the refractory period of the heart 

tissue at a certain stage of the chloral hydrate narcosis, Howell 

maintaining that the heart tissues retain the property of a marked 

refractory period, even after subjection to the action of chloral hy- 

drate! It is difficult to understand how contradictory results should 

be obtained in a matter that may be determined by so simple and 

direct experiments. If chloral hydrate abolishes the marked latent 

period of the heart tissues this action is probably gradual, so that one 

may find that the refractory condition remains in the earlier stages 

of the narcosis, while in the later stages it is less in evidence. The 

refractory state is, of course, not peculiar to the heart tissues. 

In the heart of invertebrates, and at least some of the vertebrates, 

it is a condition of reduced excitability only, and not a state of 

inexcitability. 

1 HOWELL: Journal of the American Medical Association, 1906, xlvi, p. 1670. 

2 CARLSON: Zeitschrift fiir allgemeine Physiologie, 1904, iv, p- 259; This jour- 

nal, 1906, xvi, p. 72- 



THE INFLUENCE OF OSMOTIC PRESSURE ON THE 

IRRITABILITY OF SKELETAL MUSCLE. 

By WALTER J. MEEK. 

[From the Hull Physiological Laboratory of the University of Chicago.] 

HE experiments reported in this paper were undertaken at 

the suggestion of Professor Carlson, with a view to determine 

whether the effect of hypertonicity and hypotonicity on muscle cells 

is the same as on ganglion cells. Carlson has shown that in the case 

of the Limulus heart and the tortoise auricle hypertonicity of the 

surrounding medium depresses the rate and decreases the amplitude 

of the beat, while hypotonicity acts as a primary stimulus to the 

rhythm and increases the amplitude of the beats.’ In the Limulus 

heart the action is the same on the heart ganglion and on the heart 

muscle, In the case of the latter the action might be either on the 

muscle cells or on the motor nerve endings. There is no way of 

deciding between the two possibilities, since no drug is known that 

will paralyze the motor nerve endings in the heart without injuring 

the heart muscle itself. In order to clear up this point it was de- 

cided to try the effect of hypotonic and hypertonic solutions on 

curarized skeletal muscle. The problem has been, first, to find out 

whether hypertonicity and hypotonicity act in the same way on skele- 

tal muscle as on heart muscle, and, secondly, with the aid of curare, 

to determine whether these effects were due to action on the muscle 

cells or the motor nerve endings. 

The gastrocnemius muscles of frogs were used, and the solutions 

were applied by perfusion. The frogs were either pithed or curarized. 

The gastrocnemius was freed from the bone at its point of attach- 

ment. The tibia was then fastened in a clamp to support the limb, 

while the body of the frog was fastened on a board ventral side up. 

The removal of the muscle was done with some eare to avoid injuring 

or compressing the arteries and veins of the region. The gastrocne- 

1 CARLSON: This journal, 1906, xv, pp--357-379- 

8 



Osmotic Pressure and Muscular Irritability. 9 

mius was then attached by its lower end to a muscle lever in the 

usual way. 

For perfusion, a small three-way cannula was introduced into the 

right systemic arch of the aorta. The arch of the aorta was used in 

preference to the dorsal aorta merely for the sake of convenience. 

The left aortic arch was ligatured. The cannula was connected by 

rubber tubes with funnels containing the desired solutions. By means 

of clamps on these tubes the different solutions could be thrown in at 

will. Perfusion was often aided by compressing the tubes at inter- 

vals. The level of the liquid was maintained at a height of about 

4ocm. Enough blood vessels are ruptured in the preparation of the 

frog to prevent any great cedema, and it was not found necessary to 

sever the vena cava for this purpose. 

The time of perfusion usually varied from twenty minutes to an 

hour or even more. By perfusion time here, we mean the time 

elapsing before the effect of the solutions becomes noticeable. The 

rapidity and degree of perfusion may be told by the change of color 

in the muscle due to the washing out of the blood. 

Two kinds of hypertonic solutions were used in these experiments. 

The first was a double-strength Ringer’s solution, and the second a 

normal Ringer’s solution to which 4% cane sugar had been added. 

The results were identical for the two solutions, the only difference 

in action being that the sugar solution seems a little more rapid in 

action. 

Hypotonicity was obtained by dilution of Ringer's solution with 

distilled water. 

The muscle was in all cases directly stimulated by a single shock 

from the secondary coil of an induction machine. Uniformity of time 

was secured by use of a metronome to break the primary circuit. 

Stimuli of sub-maximal strength were always used. This was neces- 

sary in order to have the muscle show an immediate increase or 

decrease in its curve should the excitability or contractility be affected. 

The height of the contraction was taken as the measure of the effect 

of the solutions. The stimuli were thrown in at the rate of about 

32 per minute. 

In all the experiments the mode of procedure was to perfuse for 

some time with a Ringer's solution and then record the height of 

contraction for a given sub-maximal stimulus. The strength of the 

stimulus was then kept unchanged through the remainder of the ex- 

periment. The height of the curve under these conditions was taken 
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as the standard for comparing those obtained with hypertonicity and 

hypotonicity. 

Tue INFLUENCE OF HYPERTONICITY. 

Hypertonicity depresses contractility and excitability } without pri- 

mary stimulation. —In all cases the amplitude of the muscular con- 

traction is diminished by perfusing with a hypertonic solution. For 

{ 

! t t 
z By 

x x Xx X 

Ficure 1.— One-third the original size. Tracing from curarized gastrocnemius show- 

ing depressing effect of hypertonicity. Perfusion with Ringer’s solution. Double 

strength solution admitted at -, x2, and x, Isotonic solution admitted at x’ and x3. 

Wide intervals show that drum was stopped for one minute. 

a short time after the hypertonic solution is admitted the amplitude 

of contraction remains unchanged, but soon after the solution. begins 

to wash out the Ringer’s of normal strength the height of contraction 

begins gradually to decrease. 

The time required for the solution to take effect depends on the 

rapidity of perfusion and the condition of the muscle. In muscle that 

has been well washed out with Ringer’s solution and where perfusion 

is rapid, the curve begins to fall in a few seconds after the hypertonic 

solution is thrown in. Fig. 1 shows a period of about two minutes 

before the effect is noticeable, but often the decrease begins in less 

time. 

If the perfusion is continued, the excitability and contractility of 

the muscle is lowered until no contraction whatever is obtained for 

the given stimulus. This ordinarily takes place in from five to ten 

minutes, and the depression is maintained until the hypertonic solution 

is removed. 

There is some evidence that the decrease in excitability and con- 

tractility is directly proportional to the concentration of the solution, 

as noted by Carlson for the heart. No attempt was made to prove 

this point definitely. The fact, however, that the effect of the hyper- 

tonicity always shows itself in a gradually descending curve would 

indicate that the muscle decreased in excitability and contractility as 

1 The changes in the response of the muscle to direct stimulation are referred 

to as changes in excitability and contractility, as it is not plain which of these two 

factors is involved. 
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the plasma in the intercellular spaces or the substance of the muscle 

cells becomes more hypertonic. 

Recovery of the muscle after replacing the hypertonic solution 

with isotonic Ringer's is always gradual, and usually much slower 

than the depression. This is invariably true if the muscle has been 

brought to the point where the contraction has been entirely abol- 

ished. In case the contraction has been only slightly diminished 

recovery takes place quickly. The height of the curve after recovery 

is seldom as great as at the beginning. If perfusion is long main- 

x x 

Ficure 2.— One-half the original size. Tracing from curarized muscle to show stimu- 

lating action of hypotonicity and depression by hypertonicity. Perfusion with Ringer’s 

solution. First contractions while muscle was perfused with isotonic solution. Hypo- 

tonic solution admitted at « and hypertonic at ~’. 

tained, there seems to be some kind of a permanent injury to the 

muscle. After recovery a second perfusion causes a second depres- 

sion, and this may be repeated several times. 

Hypertonic solutions sometimes cause contracture of the muscle, 

although this does not seem to be a necessary accompaniment of the 

depressor effects. It is possibly due to the salt solution employed, 

and thus has little bearing on the hypertonicity. 

Figs. 1, 2, and 3 illustrate these several facts. In Fig. 1 we have 

at the beginning contractions of a fairly regular height with perfusion 

by an isotonic solution. Ringer's solution of double strength was 

thrown in at x. For a space of two minutes the curve maintains its 

height, but then it begins to fall, until it is restored by putting in an 

isotonic solution at x. This is repeated three times. A contracture 

is also noticeable. In Fig. 3 the hypertonic cane sugar solution ad- 

mitted at x quickly reduced the height of contraction to zero with a 

decided contracture. Isotonic Ringer’s solution (Fig. 3 B) brought 

back the excitability and contractility, but the curve did not again 

reach its original height. 

Fig. 1 is from a tracing made with a curarized muscle. The results 

after the use of curare are apparently identical with those obtained 

on non-curarized muscle. Many experiments were made on this point 

and no exceptions were noticed. This result is of importance in 
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locating the point of action of the hypertonic solution. The action is 

undoubtedly on the muscle cells themselves. 

Tue INFLUENCE OF HyPoTONICciTy. 

Hypotonicity increases the excitability and contractility of skeletal 

muscle without any primary depression. — In all cases the effect of 

hypotonicity is directly the opposite of hypertonicity; that is, it in- 

sla 

. 
Ficure 3.— One-half the original size. Tracing from non-curarized muscle. First con- 

tractions in A while muscle was perfused with isotonic Ringer’s solution. Ringer’s so- 

lution + # cane sugar admitted at x. The contractions decrease to zero. The space 

between A and B equals two minutes during which isotonic Ringer’s solution was 

perfused. Contractions returned in B, but not to original weight. Space between B 

and C equals five minutes. The contractions returned to zero with isotonic perfusion. 

Hypotonic solution was then admitted with the stimulation resulting shown in C. 

creases the height of the muscular contraction. The ease with which 

a hypotonic solution brings a muscle back to its former condition after 

hypertonicity was soon observed. This, however, was not taken as 

a final test of the stimulating action of hypotonicity. As before, the 

muscle was washed out with Ringer's of normal strength and then 

the hypotonic solution admitted. The amplitude of contraction under 

these conditions soon begins to increase. This continues until a 

maximum is reached, which is maintained until fatigue comes on. 

The increase in excitability and contractility develops gradually 

but slowly when compared to the decrease under hypertonicity. Ina 

well-perfused muscle it frequently takes one to five minutes to become 

noticeable, and the maximum may appear much later than this. 

Hypotonic solutions of whatever degree of strength act as stimu- 

lants. The augmentation seems to be directly proportional to the 

dilution. The tracing reproduced in Fig. 2 illustrates this fact. 

After contraction had been abolished by the hypertonic solution, it 

was brought back to an average height of about 12 mm. by a solution 

of normal strength, while a hypotonic solution of one-half strength 

increased this height to about 25 mm. This: is an increase roughly 
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proportional to the dilution, for the normal solution may be considered 

as hypotonic in comparison with the hypertonic which preceded it. 

The length of time that a muscle will maintain an increased 

amplitude after perfusion with a hypotonic solution was not deter- 

mined. In one case it remained for about five minutes. It is 

undoubtedly more or less temporary. 

Figs. 2, 3, and 4 illustrate the above points for hypotonicity. In 

Fig. 3 it will be noted that after a partial recovery from hypertonicity 

by the use of Ringer’s solution of 

normal strength, hypotonicity raises | 

the curve above the height at the 

beginning of the experiment. Fig. 4 A B 

shows an increase in amplitude Ficure 4.— One-half the original size. 

without a preceding depression Tracing from curarized muscle to show 

. os the effect of hypotonicity. 4 shows 

from hypertonicity. : fe z : 
3 ‘ height of contraction during perfusion 

Figs. 2 and 4 reproduce tracings with isotonic Ringer's solution. ZB 

from curarized muscles. As in shows curve after perfusing with 

the case of hypertonicity, paralyz- POUR Ae ie 

ing the nerve endings has no effect on the action of the solution. 

The result here confirms the statement already made, that the action 

is directly on the muscle cells. 

It is not the purpose of this paper to enter at length upon theo- 

retical considerations concerning the phenomena described. We are 

certain from the experiments with curare that the muscle cells are 

directly affected, but the mechanism by which this is brought about 

is not at all clear. Carlson has pointed out that the effect of the 

solutions is probably not due to increase or decrease of pressure on 

the cell membranes with consequent loss or imbibition of water. 

As suggested by him, it may be due to changes brought about by 

alteration in the permeability of the cell walls. Muscle undoubtedly 

works best in the long run under normal osmotic conditions. Fora 

time it is evident it might accomplish more under the stimulation of 

hypotonicity, but this doubtless would be only temporary, and possibly 

would be followed by absolute injury. 

SUMMARY. 

t. Hypertonicity depresses contractility and excitability without 

primary stimulation. In all cases perfusion with double strength 

Ringer’s solution or Ringer’s solution + isotonic cane sugar dimin- 

ishes the amplitude of the muscular contraction. 
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2. Hypotonicity increases the excitability and contractility without 

primary depression. In all cases the effect of hypotonicity is the 

opposite of hypertonicity; that is, the height of the muscular con- 

traction is increased. 

3. Curarized skeletal muscle gives the same reactions to hypo- 

tonicity and hypertonicity as uncurarized. The point of action is 

therefore on the muscle cells. 



THE EFFECT OF SUBCUTANEOUS AND INTRAVENOUS 

INJECTIONS OF SOME SALINE PURGATIVES UPON 

INTESTINAL PERISTALSIS AND PURGATION. 

By JOHN AUER. 

[From the Rockefeller Institute for Medical Research, New York.) 

DETAILED consideration of the extensive literature on this 

subject is not necessary, as Hay’s monograph’ gives a critical 

summary of the work accomplished up to 1884, and Eckardt’s disser- 

tation? brings this matter almost up to date. The most important 

references, however, will be found in the discussion of the experi- 

mental results obtained in this investigation. 

Tue EFrrect oF SUBCUTANEOUS INJECTIONS UPON PURGATION. 

Rabbits, ranging in weight between 1500 and 2500 grams, were 

used. The injections were invariably made into the subcutaneous 

tissue of the lumbar region, and the site moderately massaged after- 

wards. The animals were then placed in separate cages, and the 

feces collected at certain intervals (see below for details). They 

were fed on cabbage, turnip, carrots, and oats; no water was given. 

In order to gain some idea concerning the amount and character 

of the feeces passed by rabbits when kept confined in separate cages, 

five rabbits were observed for a number of weeks. It was found 

that the twenty-four hour amount varied between nothing and sixty 

grams; the average for forty-eight determinations was nineteen grams, 

but this average means very little when the surprising range above 

noted is considered. As a rule, the feces were hard, dry, and well 

formed; but occasionally unformed masses were found, together with 

normal pellets. More frequently than unformed feces, soft, discrete, 

1 Hay: Journal of Anatomy and Physiology, 1881, xvi, p. 593; /did., 1882, 

xvii, p. 435- 
2 EcKARDT: Inaugural Dissertation, Giessen, 1905. 

15 
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caked together pellets were seen; these also did not compose the 

entire output, but only a small part of it. It may be added here that 

the passage of soft masses of pellets has been observed a number of 

FeBRuARY 15. 

One hour after Total, 

injection. 5 hours. 

Rabbit] . . > male 0 feces. 0 

Rabbit2 . . . | female 3 gm.; soft, caked. | 3 gm. 5 gm. 

Rabbit3 .. - male 1 gm.; dry. 1 gm.; dry. 1 gm. 

Rabbit¢ . . . | female 1 gm.; dry. 1 gm.; dry. 1 gm. 

Control. . =. . male 1 gm.; dry. | lgm.; dry. 1 gm. 

Gontrol. Joi: | female 14 gm.; dry. | 14 gm.; dry. 16 gm. 

Rabbits 1 to 4, inclusive, received 15 c.c. ¥ (4 per cent) sodium sulphate solution, 

subcutaneously ; rabbits 5 and 6 were controls. 

FEBRUARY 16. 

3 hours after Total, Total, 

injection. 6 hours. 29 hours. 

Rabbit sie as, male O faeces. Lost. 

Rabbitia : - = & female 0 faeces. 3 gm.; dry. 

Rabbit © > male | 0 faeces. gm. 7 gm.; dry. 

RabbitS8 ... - female 0 faeces. 9 gm.; dry. 

Rabbits 5 to 8, inclusive, received 15 c.c. of a 25 per cent sodium sutphate solu- 

tion, subcutaneously. 

times during some other investigation, and that they were preceded 

and followed by perfectly normal, hard, dry, well-formed scybala. 

a Sodium Suiphate (Na,SO, + 10 H,O). — Twenty-four experiments 

were made; in eight of them only the twenty-four hour output was 

inspected and weighed; in the other sixteen the amount and char- 

acter were determined more frequently. The amount injected, irre- 

spective of the size of the amimal, was I5,c.c., and the solutions 



Effect of Injections of Saline Purgatives. 17 

used were 4 per cent (%) and 25 per cent in strength. In none of the 

series was purgation noted; and by purgation is here understood the 

passage of soft and unformed faces in amounts exceeding that which 

normal animals might conceivably pass. Many of the animals showed 

a constipation after the injections. The specimen series on the pre- 

ceding page will illustrate these statements. 

6 Sodium Phosphate (Na,HPO, + 12 H,O).— Only eight experi- 

ments were made, the solution used being “4 (4.5 per cent). 

FEBRUARY 19. 

1.5 hours after Total, Total, 
injection. 5 hours. 24 hours. 

Habbieg =. Ofeces. Lgm.; dry. 18 gm.; afew 
soft pellets. 

Rabbits ss 20 gm.; dry. 31 gm. ; dry. 61 gm.; dry. 

Rabbitiog 3 + 8 gm.; dry. 9gm.; dry. 22 gm.; dry. 

Rabbit6 ... . 8 gm.; ary. 8gm.; dry. 26 gm.; dry. 

15 c.c. ¥ (4.5 per cent) sodium phosphate, subcutaneously. 

Marcu 3. 

1 hour after Total, Total, 
injection. 6 hours. 24 hours. 

Rabbitlg «9. . 0 0 16 gm.; dry. 

Rabbitl4 .. . 10 gm.; dry. 13 gm.; dry. 34 gm.; some un- 
formed masses. 

Rabbit15 .. . 0 1 gm.; dry. 14 gm. ; dry. 

Rabbitl6 . . . a few pellets; 2 gm.; dry. 6 gm.; dry. 
dry. 

15 c.c. (4.5 per cent) sodium phosphate, subcutaneously. 

In this series No. 14 passed some unformed faeces between six and 

twenty-four hours after the injection; the pellets passed before this, 
during the first six hours, were normal in appearance and consistency, 

and the amount not greater than occasionally found in controls (see 
Rabbit 6 in table of February 15). As this occurred in only one 
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rabbit out of eight, and as normal rabbits now and then pass unformed 

masses, it seems permissible to assume that the sodium phosphate 

had nothing to do with the purgation. 

No. 4 shows an exceptional output, especially during the first five 

hours; there was no purgation, however, for the pellets were dry and 

well formed. 

¢ Sodium Citrate. — Only four experiments were made. 

FEBRUARY 20. 

Total, 

3 hours. Total, 21 hours. 
One hour after injection. 

——— 

Rabbitl . . . 9 gm.; a few soft pellets, 12 gm. 31 gm.; some pel- 

others dry and hard. lets soft. 

Rabbit2 .. . 7 gm.; dry. 7 gm. 37 gm.; dry. 

Rabbit7 .. - 1.5 gm.; a few soft pellets, 10 gm. 31 gm.; a few soft 

rest dry. 
pellets. 

RabbitS . . - 0 0 26 gm.; dry. 

15 c.c. % sodium citrate, subcutaneously. 

No purgation occurred; the few soft pellets which were found in 

the output of two rabbits (Nos. I and 7) may be considered normal. 

d Magnesium Sulphate (MgSO, + 7 H,0).— In a previous commu- 

nication! it has been pointed out on the basis of a large series of 

experiments that the subcutaneous injection of 25 per cent solutions, 

in 9 to 15 c.c. doses, produced in no instance purgation. It was 

therefore not considered necessary to repeat these experiments. 

Tne Errect oF INTRAVENOUS INJECTIONS UPON PURGATION. 

Practically, all the rabbits used in the sodium sulphate and phos- 

phate series received the injection into the ear vein. In the magne- 

sium sulphate series the solutions were given through the jugular 

vein. 

a Sodium Sulphate. — See next page. 

These experiments show clearly that the intravenous injection of 

sodium sulphate, in the doses and concentrations mentioned, does not 

produce purgation; on the contrary, seven out of the eight experi- 

ments show a definite constipation lasting at least six hours, which 

may legitimately be ascribed to the action of the salt injected. 

1 MeLTzeR and Aver: This journal, 1905, xiv, p- 366. 
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lst hour. 

MARCH 9. 

2d hour. 
Total, 

6 hours. 
Total, 

25 hours. 

Rabbit 13 

Rabbit 1+ 

Rabbit 15 

Rabbit 16 

0 

0 

2gm.; lsoft 
pellet. 

0 

1 dry pellet. 

0 

4 gm.; dry. 

20 gm.; dry. 

1 gm.; dry. 

4 gm.; dry. 

26 gm.; dry. 

Rabbit 13 

Rabbit 14 

Rabbit 16 

Ist hour. 

MarcH 13. 

2 c.c. % (+ per cent) sodium sulphate, intravenously. 

7 hours. 
Total, 

24 hours. 

0 

0 

A few dry pel- 

0 

7gm.; dry. 

1 gm.; dry. 

0 

8.5gm.; dry. 

9 gm.; dry. 

0 

10.5gm.; dry. 

lets. 
RapwiGlo. » « 0 0 0 11 gm.; dry. 

2 c.c. of a 25 per cent sodium sulphate, intravenously. 

6 Sodium Phosphate. — See next page. 
The result of the series of March 8th is perfectly clear: a constipa- 

tion which lasted at least six hours; that of the March 7th series 

requires a few words of explanation. Rabbits 14 and 16 passed soft 

masses within twenty minutes after the injection of the phosphate 

into the ear vein. These masses were composed of discrete, small, 

soft, caked together pellets. The early appearance of these masses, 

their form as agglomerations of small, soft pellets, the passage of 

perfectly dry, hard, and well-formed pellets in good quantities after 

some hours, all seem to point to the assumption that these soft 

masses were present in the colon of the animals before injection of 

the salt into the circulation. 



2-hour 
total. 

MARCH 7. 

During 
3d hour. 

Fohn Auer. 

During 
4th hour. 

During 
5th hour. 

Rabbit]3 .- - 0 0 0 

Rabbit 14 6gm.; soft, | 5gm.; soft, 0 

caked to- caked. 

gether. 

Rabbit 15 A few dry A few dry 

pellets. pellets. 

Rabbit 16 9gm.; soft, A few soft A few dry 

caked. pellets. pellets. 

1 soft pellet. 

12 gm.; dry. 

8 gm.; dry. 

5 gm.; afew 
soft pellets. 

Total, 
5 hours. 

Total, 
23 hours. 

——— 

Rabbit 13 1 soft pel- 22 gm. 

Rabbit 14 os hi 23 gm. 

Rabbit 15 8 gm 24 gm. 

Rabbit 16 14.5 gm 45 gm. 

ZIC.C. 

1 hour. 

Marcu 8. 

Rabbit 9 

Rabbit 10 

0 

0 

Rabbitll ..- -« 0 

0 Rabbit 12 

formed. 

” (4.5 per cent) sodium phosphate, intravenously. 

Total, 
6 hours. 

3 gm.; dry. 

0 

Feces passed after the fifth 

hour were all dry and well 

Total, 
24 hours. 

12 gm.; dry. 

0 

22 gm.; dry. 

22 gm.; dry. 

>. @ (4.5 per cent) sodium phosphate, intravenously. 

¢ Magnesium Sulphate.—In a series of experiments already pub- 

lished! most of the rabbits showed no s 

passed during observation (two to four hours) were dry, 
ign of purgation; the feeces 

and small in 

1 MeLTzER and Aver: This journal, 1906, XV, P. 387. 
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amount. A few passed small quantities of caked pellets. The mag- 

nesium sulphate was injected into the jugular vein, the concentration 

ranging between 1.7 per cent and 25 per cent, the amount between 

1 and 80 c.c. As this series was quite extensive (49 rabbits); no 

further experiments were made with this salt. 

Tur EFFect oF SUBCUTANEOUS AND INTRAVENOUS INJECTIONS 

UPON PERISTALSIS. 

The rabbits were narcotized, usually by morphine hydrochlorate ; 

1 to 2 c.c. of ar per cent solution proved amply sufficient when in- 

jected subcutaneously, though in some instances 5 c.c. were used. 

In a few experiments the animals were kept lightly under ether, or 

magnesium sulphate, 1.5 grams, per kilo body weight, was injected 

subcutaneously. After analgesia had set in, the abdomen was opened 

in the median line from the ensiform process to the pubis, and the 

abdominal flaps held apart by means of hooks. As some of the 

experiments were carried out without using a saline bath, the exposed 

gut was covered with absorbent cotton cloths saturated with 0.9 per 

cent salt solution at 39° to 40°; loss of heat was prevented largely by 

wrapping the animal in cotton and by frequently renewing the warm 

cotton covering the intestines. In others the abdomen was opened 

under saline solution at 39° to 40°. No glass plate was used to 

cover the gut in order to rule out this source of possible stimulation. 

As the loops floated more or less on the surface of the saline solution, 

the exposed surfaces were moistened frequently. The caecum being 

so large in rabbits, a moderate dislocation of this organ was fre- 

quently necessary in order to bring the duodenum and transverse 

colon into view; the descending colon was seen only exceptionally ; 

the ascending colon, and practically the entire czecal loop were always 

visible. 

During the experiment the gut was handled as little as possible, 

for it was found that any manipulation of the intestines usually 

induced or increased the movements. 

The salts tested were injected subcutaneously, either in the thigh 

or pectoral region; moderate massage was used to aid the absorption 

of the injected fluid; the amount injected was usually 15 c.c. of 

an % solution. When given intravenously, either the lateral ear vein 

or the jugular vein were used, the dose ranging between 1 and 10 c.c. 

of an % solution; with magnesium sulphate a 25 per cent solution 

was invariably employed. 
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Twenty experiments were made in all. As the different salts, with 

the exception of magnesium compounds, produced in the main appar- 

ently the same effects, one description will suffice. When injected 

subcutaneously there usually occurred within fifteen to forty minutes 

an increase in the movements of the small gut. This did not begin 

everywhere at the same time. The duodenal loop usually showed the 

increase first, later the jejunum and ileum. The movements were of 

the pendular type, and were never as active in the lower small intes- 

tines as in the duodenum. No peristalsis of the caecum was ever 

seen in this series; the ascending and transverse colon occasionally ° 

showed some moderate peristaltic waves , the descending 
colon was 

only seen when distended with gas, and then strong peristaltic waves 

swept down this portion of the gut before the injection of the purga- 

tive saline, the incorporation of the salt not noticeably increasing the 

motion. Associated with the increased pendular movements of the 

duodenum, this portion of the canal became fuller and rounder, due 

to a liquid material. As this material gradually traversed the duo- 

denal circuit and passed into the upper loops of the small intestine, 

distending them moderately, the swaying motions of these loops 

became more marked. This filling of the duodenal loop was fre- 

quently observed ; it took place gradually, and was apparently inde- 

pendent to some extent of any action exerted by the saline injected. 

After one to two hours the liquid usually reached the upper loop of 

the jejunum, distending the flattened, tape-like coils of this part of 

the gut, the distension definitely increasing the motions. 

As already stated, the chief type of motion noted in the small 

intestine was the swaying pendular one. Strong constrictions were 

seen at times, but these remained local and relaxed swiftly; they 

were possibly due to some local irritation. If the gut was practi- 

cally empty and collapsed, a condition frequently found in the lower 

small intestine, the injected saline usually caused a moderate squirm- 

ing, vermicular motion of some of these flattened loops, not of all. 

This motion became pendular as soon as the loops were distended. 

These gut movements, produced by the subcutaneous injection of sa- 

lines (sodium sulphate, sodium phosphate, sodium citrate), were by 

no means continuous; periods of activity alternated with periods of 

almost absolute rest. Nor did the entire gut move at the same 

time; the duodenum might, for instance, show active pendular 

movements while the lower small intestine was quiet, or the jejunum 

1 MACCALLUM: This journal, 1904,-x, P- 263. 
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might exhibit good pendular swaying with little or no motion in the 

ileum. 

The duration of the intestinal motions produced was difficult to 

estimate, but it may be stated that their vigor was usually perceptibly 

diminished an hour after the onset. 

The intravenous injection of 2 to 6c.c. of the solutions had the 

same effect upon intestinal movements as their subcutaneous incor- 

poration; the increase, however, occurred much earlier, usually a few 

minutes after the injection, and the duration of these increased 

motions was much shorter, about ten to fifteen minutes. During 

this time the gut was not continuously active, but periods of good 

pendular movements alternated with periods of rest. 

Attempts to increase intestinal activity by summation of saline 

action were not successful; the effect of a subcutaneous injection of 

15 c.c. of 4 sodium sulphate solution was not increased, at least, not 

in vigor, by a subsequent injection of 15 c.c. sodium phosphate sub- 

cutaneously; the same result was obtained when sodium phosphate 

and sulphate were injected intravenously or when intravenous and 

subcutaneous injections were combined. 

It must be definitely understood that the increased intestinal mo- 

tions which have been described in no case even approached the vigor 

and effectiveness of the peristalsis induced by intravenous injection 

of physostigmin sulphate or barium chloride. The intestinal move- 

ments produced by the salines seemed ineffective to cause purgation, 

the more so, as the czecum with its stored up masses of soft material 

always appeared inert. That this impression proved correct has 

already been set forth. 

The intravenous injection of magnesium sulphate not only did not 

produce any peristalsis, but stopped whatever movements the gut 

showed. This effect will be considered more fully at another time. 

It seems hardly necessary to state that the intestines were always 

observed at least thirty minutes before any of the salts were injected, 

and the behavior of the gut during this period of time served as 

basis for judging the effect of the injection. 

These experiments show clearly that subcutaneous and intravenous 

injection of sodium sulphate, sodium phosphate, sodium citrate, and 

magnesium sulphate do not produce purgation, at least not with 

the doses employed. On the contrary, a definite constipation was 

caused in some of the series, especially with sodium sulphate. 

The movements of the small intestine, especially the duodenum, 
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were definitely increased by the subcutaneous or intravenous injection 

of the salts mentioned, magnesium sulphate excepted. The cecum 

never exhibited any peristalsis under the conditions described. 

That the subcutaneous and intravenous injection of sodium sul- 

phate and magnesium sulphate does not purge is stated by most 

experimenters. , Hay,’ in his monograph, modified this by noting 

that when the injections were made over the abdomen and caused 

irritation moderate purgation resulted. This has, however, not been 

corroborated by Ellenberger,? nor by Eckardt Hay used only sodium 

and magnesium sulphate, but Eckardt employed sixteen different salts, 

among them sodium phosphate, lithium citrate, and the sulphates 

mentioned. A recent observer,’ however, writes that ‘all those 

salts which act as purgatives when introduced into the stomach or 

intestine have the same action when injected subcutaneously or 

intravenously.” MacCallum states that the purgative effect with sub- 

cutaneous injection usually occurs after one hour, that the amount 

passed in six hours is two to six times the normal quantity, and that 

the faeces are sometimes semi-fluid. No experiments are quoted, and 

no weights are given. The salts used included those employed in the 

experiments described in this paper; the dosage was the same. 

MacCallum’s results, as far as purgation is concerned, are therefore 

in striking disagreement with those reached by Hay, Eckardt, and in 

this research. 

Concerning the effect of subcutaneous and intravenous injections 

upon visible peristalsis there can be no doubt, however, that Mac- 

Callum is substantially correct in his statement that peristalsis is 

increased, There is one exception, though, so far, to his general 

statement. ,Magnesium sulphate or chloride does not have this 

action. 

As already described, sodium sulphate, phosphate, and citrate 

definitely though moderately increase the movements of portions of 

the small gut, chiefly the duodenum; occasionally the colon shows 

fair peristalsis; the caecum never showed any motility. MacCallum ® 

merely states that the intestines show strikingly increased motion, 

1 Matruew Hay: Journal of anatomy and physiology, xvi, p- 5933 Xvil, 

pp. 64-67. 

2 ELLENBERGER: Archiv fiir wissenschaftliche und praktische Thierheilkunde, 

xill, p. I. 

8 Pp. A. EckArpr: Inaugural Dissertation, Giessen, 1905, P- 74- 

4 J. B. MacCaLtum: This journal, 1903, x, p. 102. 

6 MACCALLUM: Loc. cit., pp. 102, 103. 
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without mentioning the different reaction of the various parts of the 

gut. 
There are few references in the literature regarding the effect of 

subcutaneous or intravenous injections of salines upon visible peri- 

stalsis. Laborde! saw increased peristalsis after injecting magnesium 

chloride intravenously, without subsequent purgation. Rabuteau? 

obtained no increased peristalsis and no purgation after intravenous 

incorporation of the same salt. 
Summing up, it may therefore be said that the subcutaneous and 

intravenous injection of magnesium sulphate and chloride, sodium 
sulphate, phosphate, and citrate does not produce purgation in 

rabbits. Applied in the same way, these substances, with the ex- 

ception of magnesium salts, produce a moderate but definite increase 

in the peristalsis of parts of the gut. 
Magnesium salts injected subcutaneously or intravenously do not 

cause increased intestinal peristalsis in rabbits. The use of salines 
subcutaneously or intravenously, in human therapeutics, as suggested 

by MacCallum,’ is not warranted by the experimental evidence. 
Peristalsis and purgation are not synonymous terms; increased 

peristalsis may occur during constipation (see sodium sulphate 

series); and Leubuscher,! among others, saw no increased peristalsis 

during purgation. 

It gives me pleasure to express my sincere thanks to Dr. S. J. 

Meltzer for suggesting this piece of work, and for his continued 

helpful interest during its progress. 

1 LABORDE: Gazette hebdomadaire de médecine et de chirurgie, 1879, p. 352. 

2 RABUTEAU: Gazette médical, 1879, No. 29. 

8 MacCaLium: Loc. cit., p. 109. 
4 LeEUBUSCHER: ViRCHOW’S Archiv fiir pathologische Anatomie, 1886, civ, 

p. 104. 



ON THE INFLUENCE OF NEUTRAL SALTS UPON THE 

RATE OF SALIVARY DIGESTION. 

By JANE BOIT PATTEN anp PERCY G. STILES. 

[From the Physiological Laboratory of the Massachusetts Institute of Technology. 

HE conditions which favor or retard the action of enzymes 

have been much studied, but much remains to be done before 

general statements can be made. The number of enzymes already 

known and their wide divergences of behavior compel the investigator 

to specialize narrowly, and warn him that his findings may not be 

applied in other cases than those actually studied. A great collection 

of data concerning these matters is to be desired. The influence of 

reaction upon many enzymes has been observed with care, but the 

effect of neutral salts, particularly in high concentration, has been 

very scantily recorded. 

In this paper the authors present the general results of about six 

hundred comparative trials in which the influence of some common 

neutral salts upon the rate of starch digestion by ptyalin was tested. 

The relation of this enzyme to acids and alkalies has been thoroughly 

worked out. The principal experiments concerning neutral salts 

have been performed by Griitzner,! by Kiibel, and by Cole In all 

cases attention has been directed mainly to the effects produced by 

somewhat minute quantities of salts. 

It is of great interest to ascertain how far there is any parallel 

between the influence of various salts or ions upon the activities of 

living protoplasm, and that which they exert upon the performance 

of enzymes. We know that there is such a similarity in the case of 

salts like the cyanides, which are extremely toxic, or those which 

obviously change the state of aggregation of proteids, like compounds 

of mercury and copper. But we find it hard to trace such resem- 

1 Griirzner: Archiv fiir die gesammte Physiologie, 1902, xci, p- 195- 

2 Kijpe: Archiv fiir die gesammte Physiologie, 1899, Ixxvi, p- 276. 

8 CoLE ; Journal of physiology, 1904, Xxx, P- 202. . 
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blances among the metals of the alkali, and alkaline earth groups. 

In other words, we see no reason to believe that an optimum mixture 

of salts for the preservation of protoplasm (7. ¢., a Ringer’s mixture), 

will be an optimum solution for enzyme action, though it would not 

be strange to find it so. 

It has been a common observation that most salts in small quan- 

tity accelerate the digestion of starch by ptyalin, but that all salts in 

higher concentration retard it more or less. Cole has shown that this 

accelerating action is very striking when the starch paste and saliva 

used as a control are both dialyzed. The ferment is comparatively 

inert until the electrolyte is supplied. When the starch and saliva 

are not subjected to dialysis it must be recognized that we do not 

begin with a salt-free mixture. Enough electrolytes may be present 

in the control to insure a maximal speed of hydrolysis, and when we 

add more and more we may see merely a progressive slowing. In 

other cases we may still observe an acceleration with the lower con- 

centrations. As we did not dialyze our materials we always began 

with exceedingly active mixtures, and saw much less than did Cole of 

the acceleration phase. 

There is one difficulty attending all experiments of this kind which 

must be borne in mind. This is the probable alteration of the starch 

by the salts, especially when the solution approaches saturation. 

Cole has pointed out that the slowing of digestion may not be due 

wholly to the restraint of the enzyme, but also to the incipient pre- 

cipitation of the starch. This factor becomes important when such 

salts as ammonium sulphate and ammonium nitrate are used. These 

salts notably increase the opalescence and the settling of starch, and 

correspondingly delay its digestion. A general survey of our results 

leads to the belief that, if we except these ammonium salts, we need 

not assign a large place to this secondary influence. If it were a 

prominent one there should be other cases in which the digestive 

action is somewhat suddenly checked as the concentration increases. 

The fairly even sweep of the descending curve favors rather the idea 

that the salt mainly affects the enzyme and not the starch. Another 

fact which points in the same direction is the superior retarding 

power of some monovalent salts (¢. ¢., lithium chloride) as compared 

with certain divalent salts (¢. g., calcium chloride). The effect upon 

colloids is supposed to be a function of the valency." 

The extreme sensitiveness of ptyalin to H and OH ions is in 

1 Harpy and WHETHAM: cited by Cole, /ce. cit. 
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marked contrast to its tolerance of many salts. It is accordingly 

necessary to have a neutral solution, or at least one of a constant 

reaction throughout each series of trials. Our usual procedure has 

been to salt the starch, then acidify with one or two drops of 

hydrochloric acid, shake with a little powdered calcium carbonate, 

and then to add the saliva, thus making the mixture neutral or very 

weakly alkaline. Of course the use of many salts, like those of iron 

and aluminum, is interdicted, because we cannot obtain neutral 

solutions. 

The retarding effects which we observe with neutral salts are not 

due to the progressive destruction of the enzyme but to its inhibition. 

This point was readily determined. For if we keep salted saliva for 

twenty-four hours, or more, we find it about as active as saliva which 

has but just received the addition of the salt. Moreover, salted saliva 

may be made more active by dilution or by dialysis. 

In the routine of our experiments we made use of a paste of arrow- 

root of one per cent strength. For each trial 20 c.c. of paste was 

placed in a beaker. In some cases we dissolved in each beaker a 

weighed quantity of salt. In other instances we saturated a large 

volume of starch-paste and mixed the saturated paste with unsalted 

paste in the proportions required to carry out the series. To each 

sample was added. 5 c.c. of dilute saliva. It was found desirable 

to have the beakers of a uniform size, for the digestion seems to 

be hastened when the surface exposed to the air is increased. The 

starch and saliva were stirred together for a few seconds, and then 

as arule the beaker was not touched except to dip from it at fre- 

quent intervals drops for the iodine test. At one period in our 

work we changed our practice and placed our beakers in a cradle 

shaken by clock-work. This seemed to make no difference in the 

relative results, and we abandoned the plan. The end-point was re- 

corded, as in Cole’s work, when the color of our iodine solution was . 

no longer deepened by the addition of the digesting mixture. 

The original records were of the times elapsing between the pour- 

ing in of the saliva and the disappearance of the erythrodextrin color. 

For convenience in tabulating we reduced these to the form of rate- 

values. In each series we have represented the speed of the control 

(i. e., the reciprocal of the time) by 100, and calculated the relative 

speeds of the salted mixtures as compared with this standard. In 

the table below we present the general facts in regard to the influence 

of several salts upon the rate of salivary digestion. The salts which 
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retard less are placed above those which have a more marked ham- 

pering effect. But the order cannot be quite fixed, for it is not the 

same at different concentrations. 

In addition to the trials summarized in the table, we made some- 

what less accurate experiments with several other salts. Among 

Concentration. 

4M. | 5 M. 

* Saturated. + Not saturated. 

these were magnesium chloride, the benzoates of ammonium, sodium, 

and potassium, and the formates of ammonium and sodium. Ammo- 

nium sulphate and ammonium nitrate were tried but set aside because 

of their peculiar effect upon the starch noted above. 

Examining the data expressed in quantitative form in the table, and 

referring to the additional notes which are rather qualitative in their 

nature, we may call attention to the following facts. 

1. Ptyalin does its work with surprising ease in the presence of 

many salts in high concentration. This is even the case with some 
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saturated solutions, notably those of magnesium sulphate and ammo- 

nium chloride. Griitzner stated that magnesium sulphate and sodium 

sulphate are specific poisons for ptyalin, but Cole failed to confirm 

this, and we saw no sign of such an action. 

>. The most striking instances of accelerating effects were obtained 

with salts of magnesium, calcium, and barium — belonging to a natu- 

ral chemical group. But with increasing concentration these salts 

diverge in their behavior, and calcium chloride at last restrains the 

enzyme, which never becomes true of magnesium sulphate. 

3. When we compare the retarding influence of salts of ammonium, 

potassium, and sodium, we find the ammonium compound much less 

active in checking the digestion than either of the other two. There 

seems to be no marked difference between the sodium and the 

potassium salts. Sodium chloride retards somewhat more than does 

potassium chloride, and this order holds for the sulphates, but seems 

to be reversed for the benzoates. 

4. Comparing the halogen compounds of potassium we find for the 

stronger solutions the same order which Griitzner and Kiibel estab- 

lished for the lower concentrations, namely, that the chloride retards 

less than the bromide which in turn retards less than the iodide. 

Here we should refer to Griitzner’s observation, that the fluoride dis- 

tinctly accelerates the amylolytic action at every stage up to satura- 

tion (which with sodium chloride is reached at a concentration of 7). 

The favorable influence of the fluoride is unexpected, since it is gener- 

ally considered the most poisonous of the halogens toward protoplasm. 

5. Another anomaly appears in the almost complete inhibition of 

the enzyme by lithium chloride in moderate amounts. This salt is 

probably the most harmless of all foreign compounds toward certain 

living tissues, but it checks starch digestion almost as quickly as 

copper sulphate. 

We made a considerable number of parallel experiments in which 

the commercial Taka-diastase was employed instead of saliva. Taka- 

diastase is prepared from the mould, Aspergillus oryzae. It is a 

powerful agent, and in most cases we found it even more resistant 

than ptyalin toward neutral salts, but we cannot say whether this 

resistance is a property of the ferment or whether it is due to pro- 

tective materials accompanying it. Organic matter of many kinds 

lessens the sensitiveness of ptyalin to acid,! and may well increase its 

tolerance for neutral salts. 

1 CoLE: Loc. cit., p. 206. 
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The authors conclude this research with an increased sense of the 

individuality of ions, and of the difficulty of explaining their proper- 

ties by mathematical functions. In our experiments we have used 

but one salt at a time. It is suggested that a study of variously 

proportioned mixtures of two or more salts as affecting the rate of 

enzyme action should be very fruitful of information regarding “ toxic 

and antitoxic”’ characters. 



THE COMPOSITION OF BONE IN OSTEOMALACIA. 

By FRANCIS H. McCRUDDEN. 

[From the Laboratory of Biological Chemistry of the Harvard Medical School. 

HE pathological changes which occur in osteomalacia are still 

the subject of dispute. Most pathologists, including Virchow, 

have considered the bone changes in this disease to be essentially 

halisteresis, — that is, solution of the inorganic constituents of bone, 

— resembling the chemical processes which occur when bone is 

placed in acid. On the other hand, Cohnheim has declared that the 

process consists of, first, the taking up of bony tissue, includi
ng organic 

and inorganic constituents alike, by osteoclasts, and then the laying 

down of new osteoid tissue. According to Cohnheim, the bones are, 

until well past adolescence, the seat of an uninterrupted and coinci- 

dent apposition and absorption of material, and in the case of osteo- 

malacia, as well as in rickets, the osteogenic substance laid down is 

free from lime Von Recklinghausen’s discovery of osteoblasts in 

the osteoid tissue of osteomalacia® is in accord with Cohnheim’s 

theory and lends considerable weight to it. 

The author, in considering the results of his investigations of the 

metabolism in osteomalacia,‘ decided that in this disease there is 

absorption of the bony tissue, and apposition of new tissue which, 

unlike normal bone, is poor in lime and especially rich in magnesium, 

and also in an organic substance containing much sulphur and little 

phosphorus, — a substance somewhat similar in its chemical composi- 

1 The expenses for the analyses were contributed in part by the Procter Fund 

for the Study of Chronic Diseases. 

2. Counneim: Lectures on General Pathology, translated by A. B. McKee, 

1889, ii, p 632. 

8 ViexorDT: Osteomalacie, in Nothnagel’s Specielle Pathologie und Therapie, 

ili, pt. 2, p. 123. 

4 GoLDTHWAIT, PAINTER, and OSGOOD and McCruppEN: This journal, 1905, 

xiv, p- 389: 
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tion to the normal organic matrix of bone. This theoretical conclusion, 

which does not essentially depart from Cohnheim’s view, it was the 
object of the following investigation to test. 

Pieces of two horse ribs which had been affected by the character- 
istic changes of osteomalacia were analyzed, the analysis including 

determinations of the sulphur and phosphorus content which seemed 

to be absent in other similar investigations, and for comparison pieces 
of two normal horse ribs were similarly analyzed. 

The percentage compositions were as follows: 

Osteomalacia. | Normal. 

20.09 

0.50 

16.55 

0.35 

Total CaO, MgO, 
and P.O; } 37.14 

Evidently, in this case of osteomalacia there is a decrease in the 

calcium contents of the diseased bone and an increase in its mag- 

nesium contents, results which confirm the older analyses.!_ There is 
also an increase in the sulphur contents and a decrease in the 
phosphorus contents, — facts previously unobserved. The inorganic 
material of the bone as a whole is diminished in amount. 

Clearly these facts are in complete accord with the indications of 
the author’s metabolism investigations, and with Cohnheim’s theory 
which is based upon anatomical evidence. At the same time they 
weigh against the theory of simple halisteresis, in that, while the 
calcium is relatively but slightly diminished, some forty per cent, 
the magnesium and sulphur are relatively very considerably increased, 
some three to four hundred per cent in these two samples of bone. 

It seems, then, highly probable that in osteomalacia at least two 

? RoLorF: Vircuow’s Archiv, xxxvii, 433; HUPPERT: Archiv der Heilkunde, 
1866, 1867, viii, 345; CHABRIE: Les phénoméne chimique de l’ossification, Paris, 
1895, p. 65. 
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diseased bone, —the one an absorption of 

and the other an apposition of magnesium 

which is rich in sulphur. 

his thanks to Dr. W. F. Whitney, 

for allowing him the use of the dis- 
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steomalacia. 
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THE RATE OF DIFFUSION OF THE INORGANIC SALTS 

OF THE BLOOD INTO SOLUTIONS OF NON-ELEC- 

TROLYTES AND ITS BEARING ON THE THEORIES 

OF THE IMMEDIATE STIMULUS TO THE HEART 

RHYTHM. 
By WILLEY DENIS. 

[From the Hull Physiological Laboratory of the University of Chicago.] 

iG has been shown by Carlson! that the heart ganglion of Limu- 

lus, when isolated from the heart muscle at the posterior end of 

the heart, though still in connection with the muscle at the anterior 
end, will continue in activity in an isotonic (gram-molecular) solution 

of cane sugar from sixty to ninety minutes, while in a bath of gram- 

molecular glycerine solution the ganglionic rhythm ceases in from five 

to ten minutes, and with a gram-molecular urea solution in from two 

to three minutes. The above results are taken from values obtained 
with ganglia in good condition. When the initial condition of the 

ganglia is poor, viz., the rhythm slow and irregular, a standstill is 

obtained in a much shorter time. Carlson has pointed out that the 

above results tend to support the view that the blood salts form only 

the condition, not the cause, of heart activity, and that ‘the imme- 

diate stimulus to the rhythm is some substance or process within the 
cells themselves.” The theory is, therefore, put forward that the non- 
electrolytes (cane sugar, glycerine, urea) by diffusion into the tissue 

may alter the permeability of the cell wall, and by diffusion into the 

cells themselves alter the equilibrium relations of the cell contents. 
Further, the diminished concentration of the electrolytes in the inter- 
cellular spaces probably causes a diffusion of the electrolytes out from 
the cells, thus causing a further departure from the normal condition of 
the automatic tissue. The above interpretation emphasizes the im- 
portance of the direct action of the non-electrolytes on the automatic 
tissues in bringing about the cessation of rhythm. The view that 

? CARLSON: This journal, 1906, xvi, p. 221. 
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the standstill of the heart in isotonic solutions of non-electrolytes is 

directly due to the dilution of the blood salts, requires that the rate of 

diffusion of these blood salts into solutions of sugar, glycerine, and 

urea be directly proportional to the length of time that the heart 

continues in activity in these non-electrolytes. It has been shown by 

Arrhenius! and also by Abegg? that the diffusion of aqueous solu- 

tions of electrolytes through aqueous solutions of non-electrolytes, 

is slower than when the diffusion takes place through water, and in 

general, the more non-electrolyte or electrolyte added to the solu- 

tion through which the diffusion takes place the slower will be the 

rate of diffusion. Further, it has been shown by these chemists that 

on adding a non-electrolyte or an electrolyte to water the rise in vis- 

cosity and the retardation of diffusion of an aqueous solution of an 

electrolyte through the liquid are roughly proportional. 

As no data concerning the rate of diffusion of the salts of the blood 

through gram-molecular solutions of cane sugar, urea, or glycerine 

were available, I have, at the suggestion and under the direction of 

Professor Carlson, made a number of measurements of the relative 

rate of diffusion of normal solutions of sodium chloride, potassium 

chloride, calcium chloride, and magnesium chloride through gram- 

molecular solutions of the above non-electrolytes. 

As only relative results were sought, no attempt was made to work 

under constant temperature conditions. During the course of the 

experiments which were conducted during a period of several weeks, 

the room temperature varied from 22.5° to 30 C. In every determina- 

tion carried out by the second method, at least three duplicates were 

made and the average value used. 

The two methods employed were: First, Scheffer’s® modifica- 

tion of Graham’s original jar method, .The inner cylinders employed 

were 8 cm. high by 2.5 cm. wide; the outer cylinders were 50 cm. 

high by g cm. wide. From sixty to seventy cubic centimetres of the 

normal salt solutions were run into the inner cylinder by means of a 

burette, and 2000 c.c. of the liquid through which the diffusion was to 

take place was slowly run into the outer cylinder through a finely 

pointed siphon. The normal salt solutions used were prepared from 

chemically pure material, and were standardized by titration with 

standard four-tenths nitrate of silver, using potassium chromate as indi- 

1 ARRHENIUS: Zeitschrift fiir physikalische Chemie, 1892, X, Pp. 51- 

2 ApecG: Jbid., 1893, Xi, P- 248. 

8 SCHEFFER: Berichte der deutschenchemischen 
Gesellschaft, 1882, xv, P- 788. 
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cator. When the experiment was complete, a glass plate fastened to 

a rod was slipped over the mouth of the inner cylinder, the whole 

removed from the outer cylinder, carefully rinsed with distilled water, 

and the contents of the inner cylinder made up to a volume of 

TABLE I. 

c-d. 

water 0.55290 0.41321 0.13976 ‘ 0.01860 

water 0.43269 0.32695 0.10574 5. 0.01780 

water 0.39285 0.38550 0.00720 : 0.01310 

water 0.65821 0.64872 0.00949 { 0.00105 

urea 0.57622 0.45560 0.11756 0.01600 

urea 0.43890 0.33410 0.10480 0.01580 

urea 0.38100 0.33830 0.04270 0.00790 

urea 0.61110 0.60515 0.00604 0.00069 

glycerine | 0.43890 0.33090 0.10900 0.01010 

glycerine 0.39190 0.36520 0.0267 0.00320 

glycerine | 0.65820 0.65330 0.0049 0.00051 

a. Ditfusing solution (normal solution employed in every case). 

b. Solution through which the diffusion took place (gram-molecular solutions 
employed in every case). 

c. Weight in grams of salt in diffusion cylinder at the beginning of the experiment. 

d. Weight in grams of salt in diffusion cylinder at the end of the experiment. 
c-d. Weight in grams of salt which diffused out during the experiment. 

e. Time in hours during which the experiment was continued. 
f. Per cent of total salts which diffused out in one hour. 

250 c.c., aliquot portions of which were then titrated with four-tenths 
nitrate of silver, using potassium chromate as indicator. 

The results obtained by this method are shown in Table I. 

In the second method used glass tubes 204 cm. long and .7 cm. 

wide were employed. Att either end the tubes were bent at an angle 

of 90° and fastened horizontally to a stone shelf supported by 
masonry. The horizontal portion of the tube being completely filled 

with the solution through which the diffusion was to take place, 5 c.c. 
of the normal solution of the salt under investigation was slowly 
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poured in at one end of the tube by means of a finely pointed pipette, 

and at the other end about 2 gr. nitrate of silver in the form of 

crystals was added. This method was suggested by Carlson. The 

formation of silver chloride when the foremost ions of the diffusing 

salts meet takes place at first in the form of a line not more than 

.5 m.m. broad, so that the end point obtained is very definite. The 

TABLE II. 

MgCle + = - cane sugar 1.00 NaCl. cane sugar 

MgCl, - - = glycerine 3.40 NaCl glycerine 5.10 

urea 4.80 NaCl urea 

water 6.10 NaCl. water 

GaGliae man cane sugar 1.04 KCl . cane sugar 

CaGly ys 2 glycerine 4.80 KCl . glycerine 5.20 

urea 6.80 KCl . urea 

water 8.60 Cis water 

a. Solution which diffused (normal solution used in every case). 

b. Solution through which diffusion took place (gram-molecular solution used 

in every case). 

c. Rate of diffusion as compared to the rate of diffusion of normal MgCls through 

gram-molecular cane sugar, this value being taken as equal to 1. 

time of diffusion was taken as the period elapsing between the ad- 

dition of the salt solution and the first appearance of the white 

precipitate. The distance of diffusion was measured as the space 

between the point on the tube at which the precipitate first appeared 

and the point to which the tube was filled before adding the salt 

solution. 

The results obtained are given in Table II. 

The above results are therefore not contradictory to the view that 

the more rapid cessation of the heart rhythm in isotonic urea solu- 

tions as compared with the results obtained with solutions of cane 

sugar is directly due to the relatively rapid diffusion of the blood salts 

out from the intercellular spaces when the heart is immersed in the 

urea solution: ..On the other hand, according to the theory of Carlson, 
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the rate of diffusion into the tissues of the non-electrolyte composing 

the bath forms an important factor in regard to the length of time for 
which the ganglionic rhythm may be continued. We know that 

through water, at least, urea diffuses at a much more rapid rate than 

does cane sugar, while the rate of diffusion of glycerine occupies a 

more or less intermediate position. Nernst! has pointed out that the 

resistance to diffusion increases with increasing molecular weight, and 

has further calculated the absolute force of diffusion K into water for 
cane sugar and for urea, using the coefficient of diffusion for the latter 

substance as measured by Scheffer? and for cane sugar the coefficient 

of diffusion %& calculated by Stefan* from Graham’s measurements. 
The values calculated by Nernst are as follows: 

iy k K 

WISE GaSb. a oe yn 0.810 2.5 GOD ie. 

@ane sugar . ... 9.07 0.312 67.0 X 10° Kg. 

In this connection the experiments of Hedin* should be mentioned 

as showing clearly the more rapid diffusion of isotonic solutions of 

urea through dead animal tissues as compared with the rate of 

diffusion of isotonic solutions of cane sugar. 
In Hedin’s experiments solutions of cane sugar, glycerine, and urea 

were allowed to diffuse through portions of the excised intestines of 

cows from which all fat and as much as possible of the serous coat 
had been removed and which had been soaked over night either in 

isotonic sodium chloride or mannite solution. In order that the cells 
of the tissue might not be injured the outer liquid used for experi- 

ments with non-electrolytes was isotonic sodium chloride, for ex- 

periments with electrolytes isotonic (five per cent) mannite. Hedin’s 

results are given in Table III. 
There appears, then, to exist some direct relation between the rate 

of diffusion of the blood salts into these non-electrolytes and the 

length of time the heart rhythm is maintained in isotonic solutions of 
the same. On the other hand, there appears to exist a similar direct 

relation between the rate of diffusion of these non-electrolytes through 

water or dead animal membranes and the rapidity with which they 

bring the automatic heart ganglion to a standstill. These facts make 

1 Nernst: Zeitschrift fiir physikalische Chemie, 1888, ii, p. 613. 

2 SCHEFFER: /ééd., p. 401. 

8 STEFAN: Wiener Sitzungsberichte, 1879, Ixxix, p. 161. 

4 Hepin: Archiv fiir die gesammte Physiologie, 1900, Ixxviii, p. 205. 
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it impossible on this line of inquiry to determine whether the stand- 

still of the heart in isotonic solutions of these non-electrolytes is due 

to the dilution of the inorganic salts in the plasma surrounding the 

cells or to a direct action of the non-electrolytes on the automatic 

TABLE III. 

Diffusing into 0.95 per cent NaCl. Diffusing into 0.5 per cent mannite. 

Substance diffusing. Permeability. Substance diffusing. Permeability. 

——_—— 

Cane sugar . + + + 1.00 Oho o) ica oy ec 1.92 

Glycerine. . - + = : NEOUS Bes fo 1.75 

Wreats sas es (CHO) oO i ag Omoec 1.34 

LEANOVo Go 4 OG oO 1.44 

MgSQ,; .---:-> 1.93 

Na,SO, .- +--+ > 131 

tissue, the latter view being the one especially emphasized by Carlson. 

That the dilution of the electrolytes in the plasma surrounding the 

automatic cells is not the only factor in causing the cessation of the 

heart rhythm in solutions of non-electrolytes appears to be clearly 

shown by Carlson in the fact that the heart ganglia in good condition 

continue in activity in the sugar solution for a much longer time than 

the ganglia in poor condition. This difference in the reaction of the 

hearts must, in part at least, be referred to differences in permeability 

of the automatic cells to the non-electrolytes as well as to the sub- 

stances within the cells themselves. It is obvious, however, that this 

does not amount to a demonstration, as the heart in poor condition 

may have a relatively lower excitability and may in consequence be 

brought to a standstill in a less dilution of the blood salts than hearts 

in good condition, assuming that these blood salts constitute the 

immediate stimulus to the rhythm. 

In conclusion, attention is called to the fact that in my own results 

as well as in those of Hedin, there is a noticeably more rapid rate of 

diffusion of the primarily stimulating salts, sodium chloride and 

potassium chloride, as compared to the rate of diffusion of the 
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depressor salts, viz., the chlorides of calcium and magnesium,' which 

would suggest that the stoppage of the Limulus heart ganglia in 

isotonic solutions of non-electrolytes may in part be due to the rela- 

tively greater concentration of the salts of calcium and magnesium in 

the cells and intercellular spaces. 

1 CaRLson: This journal, 1906, xvi, p. 378. 



ADRENALIN GLYCOSURIA, AND THE INFLUENCE OF 

ADRENALIN UPON NITROGENOUS METABOLISM. 

By FRANK P. UNDERHILL anpD OLIVER E. CLOSSON. 

[From the Sheffield Laboratory of Physiological Chemistry, Yale University.] 

F the more recent investigations dealing with the nature of 

adrenalin glycosuria may be cited the work of Noél Paton,! who 

has concluded that the character of the nitrogenous metabolism in 

this experimental condition is closely allied to that occurring in 

ordinary diabetes. 

y. Noorden2 has demonstrated that in diabetes in man there may 

be a significant rise in the ammonia of the urine due to the production 

of acidosis resulting from the increased formation of various acids. 

Paton has carried out experiments with the rabbit and dog in which 

the relation of urea nitrogen and ammonia nitrogen to the total 

nitrogen has received especial attention. He found that after the 

subcutaneous introduction of adrenalin there is a markedly increased 

production of ammonia at the expense of urea, that the sugar is not 

entirely derived from the breaking down of proteids; that on an in- 

sufficient diet the decomposition of proteid is markedly increased, and 

concludes that “the proteid metabolism under adrenalin thus behaves 

as it does in ordinary diabetes.” 

I. Tue INFLUENCE OF SUBCUTANEOUS INJECTIONS OF ADRENALIN 

CHLORIDE upon NiTRoGENoUS METABOLISM IN THE Doe. 

In an earlier paper® from this laboratory it was pointed out that 

the mechanism of adrenalin glycosuria is somewhat different from 

that produced by a diversity of other drugs. In the present investi- 

ration the influence of adrenalin upon the distribution of various 

urinary forms of nitrogen has been repeated with the dog. 

1 Paton: Journal of physiology, 1903, xix, P. 286. 

2 y, NoorDEN: Pathologie des Stoffwechsels, Berlin, 1893. 

% UNDERHILL: Journal of biological chemistry, 1905, i, p. 113. 
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Full-grown bitches kept in the usual metabolism cages were fed 

upon a fixed diet of lean meat, cracker meal, and lard. The animals 

were catheterized daily, precautions being taken against the possibility 

of bladder infection.1 Decomposition of the urine voided during the 

day was prevented by the use of toluol. Sugar estimations were made 

according to the Allihn method. Total nitrogen of the urine and 

faeces was determined by the Kjehldahl-Gunning method; urea, am- 

monia, and creatinin nitrogen by the corresponding methods of Folin.” 

Whenever sugar was present in the urine Mérner’s® modification of 

Folin’s method was employed for the estimation of urea. The 
adrenalin preparation used for the injections was the colorless “adren- 

alin chloride, 1 to 1000” supplied by Parke, Davis & Co. 

Experiment 1.—On the 2oth of February, 1906, a bitch of 14.8 kilos was 

placed on a diet containing 7.64 gm. of nitrogen and consisting of 140 

gm. of lean meat, 160 gm. of cracker meal, and 26 gm. of lard. The food 

was given in two equal portions morning and night. On February 25th 

the nitrogen content of the diet was changed to 7.68 gm. In the morning 

of the same day the animal received a subcutaneous injection of ro c.c. of 

adrenalin chloride which appeared to have little effect upon the general 

behavior of the dog. The urine of the injection day contained 5.6 gm. 

of dextrose, with a faint trace of coagulable proteid. Legal’s test for 

acetone and Gerhardt’s test for diacetic acid proved negative. The fol- 

lowing morning (February 26th) a second subcutaneous injection of 10 c.c. 

of adrenalin chloride was given, with the subsequent appearance in the 

urine of 6.9 gm. of dextrose and a trace of coagulable proteid. The pres- 

ence of acetone or diacetic acid could not be detected. Polarimetric 

determination indicated 7 gm. of dextrose. After fermentation of the 

urine with yeast no reducing substances could be found. On the two 

following days of the experiment the urine was dextrose-free, but con- 

tained small quantities of coagulable proteid. The animal appeared to 

be in good condition, and throughout the experiment devoured her food 

with no apparent loss of appetite. 

In the appended table is given the distribution of the various forms of 

nitrogen determined. "I 

From the results given in Table I it is evident that the repeated 

subcutaneous injection of adrenalin chloride was not attended by any 

significant disturbance in the proportion of the urinary constituents 

determined. 

1 Cf. UNDERHILL and Crosson: /6id., 1906, ii, p. 5I- 
2 Fouin : This journal, 1905, xiii, p. 45. 
8 MOrNER: Skandinavisches Archiv fiir Physiologie, 1903, xiv, p. 297- 
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Experiment 2.— A bitch of 14.4 kilos was placed on a diet composed of 140 

gm. of lean meat, 160 gm. of cracker meal, and 26 gm. of lard, and con- 

taining 7.75 gm. of nitrogen, on the 27th of March, 1906. On March 

31st the animal received a subcutaneous injection of 10 c.c. of adrenalin 

chloride. During the day a portion of the food was vomited and the 

urine became slightly contaminated. The trace of vomit was removed in 

great measure by filtration through absorbent cotton. A small quantity 

of coagulable proteid was present in the filtered urine and 10.15 gm. of 

dextrose. The next injection of adrenalin was given on April 6th, on 

which day only half the daily portion of food was given, that of the morn- 

ing meal. The injection was made several hours later, and no vomiting 

occurred. The urine contained a trace of coagulable proteid and 4.76 

gm. of dextrose. A third administration of 20 c.c. of adrenalin chloride 

(divided into two injections of 10 c¢.c. each given in the morning and 

afternoon) was made on the roth of April, and only the morning portion 

of food given. The urine of this day was free from coagulable proteid, 

but contained 14.8 gm. of dextrose. The following day the bitch refused 

to eat and lay quietly in the bottom of the cage. The urine contained 

neither proteid nor sugar. After the 11th of April the entire diet for the 

day was greedily devoured. Urine collected subsequently to the end of 

the experiment (April 16th) was free from both sugar and proteid. 

The composition of the urine covering the period from March 27th to 

April 17th is given in Table Il. 

Leaving out of consideration the first adrenalin injection period in 

which the urine was slightly contaminated with vomit, it is obvious 

that in Experiment II no marked change occurs in the percentage 

composition of the urinary constituents determined when large and 

repeated injections of adrenalin are administered subcutaneously to 

the dog. In the second and third injection periods the influence of 

the insufficient diet is readily seen from the balance table for the cor- 

responding periods. This table shows that when the animal was on 

an inadequate diet adrenalin induced an increased proteid metabolism. 

This inference seems justified in view of the fact that the nitrogen 

output, especially on the second day of the third injection period, is 

higher than one would expect in conditions of simple starvation. 

Control experiments have been carried out under conditions similar 

to those in Experiment II, but without the administration of adrenalin 

to ascertain the influence of insufficient diet for a limited period (one 

to two days) on the relation of various forms of nitrogen found in the 

urine. Since no disturbance in the percentage composition of the 

urine was observed, it may be fairly concluded that the failure of 
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adrenalin to produce changes in the percentages of the ammonia and 

urea nitrogen cannot be ascribed to the conditions of experimentation. 

A further evidence in favor of this conclusion is that the insufficient 

diet of itself would have a tendency to cause an increase in the pro- 

portion of ammonia nitrogen and a decrease in the percentage of urea, 

as Folin! has demonstrated in man, and which has been similarly 

observed in this laboratory for the dog.” 

The apparent discrepancies between the results of Paton and those 

of the present investigators led the writers to subject Paton’s paper to 

a critical examination. On page 297, Experiment XIII, the following 

data are recorded: 

Nitrogen contained. 

Diet. Per cent. Total. 

Oatmeal. . 150 gm. 2.15 3.22 

Milk . . « 500C.C. 0.366 1.83 

Water. . . 600C.C. sees suec 

4-05 

Obviously there is a miscalculation; the total nitrogen of the diet 

amounting to 5.05, not 4.05 as recorded. That this is not merely a 

typographical error may be ascertained from the nitrogen balance 

given on page 298 of Paton’s paper, where the figures 4.05 instead of 

5.05 have been used throughout. In the calculations given adrenalin 

appears to cause an excretion of nitrogen exceeding the intake, but 

by eliminating the error no such excess of output of nitrogen over in- 

take is to be observed. This error does not, however, invalidate 

Paton’s conclusion that adrenalin caused an increased excretion of . 

nitrogen, for from the data given and with the error eliminated there 

still remains a smaller excess of the nitrogen taken in over that 

eliminated during the adrenalin period than in the fore or after 

periods. 

From the same experiment, Table VI, page 298, we reproduce the 

following: 

—_ Nitrogen of Urine. 

Day Total Urea N Per cent NH,N Per cent 

“ye in grams. in grams. of urea N. in grams. of NH;,N. 

I 2.15 sje ie eee. .216 5-4 

2 2.15 pistols cane 216 5-4 

1 FoLtn: This journal, 1905, xiii, p- 117- 

2 Unpublished experiments. 
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It is readily seen that the per cent of ammonia nitrogen should be 

10, and not 5.4. 

Again, in Table V, page 296, the following occurs: 

-Nitrogen of Urine -———-———-———_—. i 

TOES Total Urea N Per cent NHN Per cent 
ey. in grams. in grams. of urea N. in grams. of NHN. § § 
3 2.10 1.94 88 -120 5:7 

4 3.32 1.95 85 145 6.2 

9 3.83 2.99 78 .466 Ala? 

The percentages given for urea and ammonia nitrogen on the fourth 

day are obviously wrong, for the urea nitrogen should be 59 per cent 

and the ammonia nitrogen 4.3 per cent. On the ninth day the per- 

centage of ammonia nitrogen is 12.1 instead of 14.7 as given. 

Without attempting to account for these errors which have led us 

to subject all of the experimental data to a critical review, we cannot 
avoid calling attention to some other aspects of Paton’s work which 

seem to demand criticism. Thus in Experiment XI, page 294, he 

writes: ‘‘ The weather was warm at the time, and on the fifth, sixth, 

seventh, and eighth days the urine was distinctly alkaline and appeared 

to have undergone ammoniacal decomposition.’ However, these urines 

were not included in the table. ‘Since special precaution was not 

taken to prevent ammoniacal decomposition, it was considered advis- 

able to make another series of observations in which the urine was 

caught in a solution of hydrochloric acid.” Experiment XII then 
follows, in which the three errors noted above occur and to which 

alone his conclusions can apply, for in Experiment XIII adrenalin 

failed to produce any greater disturbance in the relation of urea 

nitrogen and ammonia nitrogen to total nitrogen than occurred on 

any two consecutive days of the fore period according to the figures 

given. 

Paton explains the large excretion of ammonia in his experiments 

by assuming that the sugar formed sets up a condition similar to 

acidosis. He bases this assumption upon experiments ! in his labora- 

tory in which it was shown that the subcutaneous injection of large 

quantities of dextrose into the dog produces an increased excretion of 

ammonia as a result of the formation of various toxic substances. In 

recently published experiments? we have, however, failed to obtain 

such results after the subcutaneous injection of dextrose into dogs. 

1 Scorr: Journal of physiology, 1902, xxviii, p. 107. 

2? UNDERHILL and CLosson: Loe. cit. 
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Furthermore, from a recent investigation on the distribution of the 

various urinary forms of nitrogen in diabetes mellitus, we quote the 

following : ‘* Die Harnstoffau
sscheidung ist bei Diabetes normal, auch 

wenn die Ammoniakzahlen eine (nicht erhebliche) Vermehrung 

zeigen.” ! Vv. Noorden 2 shows that only when the condition of the dia- 

betic patient approaches coma is the percentage of urea greatly di- 

minished. From these facts it would appear that, even assuming all of 

Paton’s analytical data to be correct, a strict comparison of adrenalin 

glycosuria with ordinary diabetes is certainly not justified, for in the 

latter case a typical falling off in urea nitrogen claimed by Paton for 

the experimental diabetes is rarely realized. 

Il. THe AsILiry OF THE Orcanism To UTILIZE DEXTROSE IN 

ADRENALIN GLYCOSURIA. 

The glycosuria following adrenalin administration is attributed by 

Paton to a failure on the part of the tissues to utilize dextrose. lf 

this hypothesis is correct after the injection of large quantities of 

dextrose into a dog with adrenalin glycosuria, one would expect the 

administration to be followed by the reappearance in the urine of a 

great portion of the introduced sugar. Moreover, if the condition 

induced by the subcutaneous injection of adrenalin is at all analogous 

to ordinary diabetes, the dextrose given should not be utilized. 

The following experiment bears upon this point: 

Experiment 3.— A bitch of 8 kilos on a fixed diet received 20 c.c. of adren- 

alin chloride subcutaneously, resulting in the excretion of 11.5 gm. of 

dextrose in the urine. Two days later thesame quantity of adrenalin 

chloride was administered and 187 C.c. of a 30 per cent dextrose solu- 

tion (7 gm. per kilo) were sntroduced subcutaneously. The total elimi- 

nation of dextrose in the urine was 17.6 gm. A second experiment was 

carried out with another animal under similar conditions resulting in the 

appearance of only the merest trace of dextrose in the urine. 

Previous experiments® in this laboratory have shown that only 

a very small quantity of dextrose appears in the urine, even when 

as much as 7 gm. per kilo are administered subcutaneously to 

the dog. Since in the above experiment adrenalin alone sufficed 

1 SaTra: Beitrage zur chemischen Physiologie, 1905, vi, p- 373: 

2 vy, NoorDEN: Loc. cit. 

8 UNDERHILL and CLosson : Loc. cit. 
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to call forth an excretion of 11.5 gm. of dextrose and adrenalin and 

56 gm. of dextrose together caused the elimination of only 17.6 gm. 

of dextrose, it may be concluded that the interference of adrenalin 

with the normal retention of dextrose is minimal at most. Nor in 
view of these results can the experimental conditions induced by 

adrenalin be compared to the condition that obtains in ordinary 

diabetes where excess of carbohydrate is speedily eliminated. 

III. THE Nature oF ADRENALIN GLYCOSURIA. 

Since Blum’s! discovery of adrenalin glycosuria various attempts 
have been made to explain the mechanism involved. Thus the drug 

has been improperly placed? in the category with such glycosuria- 

producing substances as carbon monoxide, morphine, strychnine, etc., 

which have been shown to produce the appearance of sugar in the 

urine by an action upon respiratory factors.2 Again it has been 

claimed that in this experimental condition the pancreas is more 
or less involved.4 

From the mass of experimental data to be found in the literature 
certain well-defined observations have been repeatedly confirmed. 
That the reducing body present in the urine after the parenteral ad- 

ministration of adrenalin is dextrose is well established, and that a 

true hyperglycemia occurs has been shown by Metzger,*® Zuelzer,® 
Vosburgh and Richards,’ Paton,?and Underhill. According to several 
investigators (Blum, Herter, Paton), the intensity of the glycosuria 
caused by adrenalin is in a measure at least dependent upon the 
quantity of carbohydrates in the body, although Blum claims that 
glycosuria may be induced in dogs and’ rabbits after a fast so pro- 
longed that all the glycogen has disappeared from the liver. Pfliiger,! 

1 BLum: Deutsches Archiv fiir klinische Medicin, Igo!, ]xxi, p. 146. 

* HAMMARSTEN: Text-book of physiological chemistry, 1904, p. 256. 
® Cf UNDERHILL: Loc. cit. 
* HERTER: Medical News, 1902, xxx, p. 865; HERTER and WAKEMAN: 

VircHow's Archiv fiir pathologische Anatomie, 1902, clxix, p- 479; Jé¢d., Ameri- 
can journal of the medical sciences, 1903, cxxv, p. 46. 

® METZGER: Miinchner medicinische Wochenschrift, 1902, p- 478. 
® ZUELZER: Berliner klinische Wochenschrift, 1901, p. 1209. 

* VospurGH and RicHARDS: This journal, 1903, ix, p. 35- 
8 Paton: Loc. cit. 

® UNDERHILL: Loc. cit. 
© PFLUGER: Archiv fiir die gesammte Physiologie, 1902, xci, p. 119. 
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however, has shown the great difficulty of obtaining dogs with 

glycogen-free livers by inanition alone. 

The repeated administration of adrenalin even in well-fed dogs is 

not always followed by glycosuria, as the appended experiment shows. 

Injection of Dextrose 

Date. adrenalin chloride in urine 

1906 
in c.c. in grams. 

Feb. 25 10 5.6 

ZG 10 6.9 

Mar. 5 10 none 

GH 10 4.5 

ee ei 5 none 

ee 
10 none 

cc 26 10 none 

Sale Gs 10 trace 

1s 10 none 

19 20 none 

This confirms observations recorded by Herter,’ Loeper and 

Crouzon,? and Paton.’ 

The study of the influence of adrenalin upon the glycogen content 

of the liver has shown that “ sn acute adrenalin poisoning, if the ani- 

mal does not die too rapidly, the glycogen in the liver is diminished 

in amount,” while “in chronic adrenalin poisoning the amount of 

clycogen in the liver is not necessarily altered.” This would appear 

to account for the failure of glycosuria after repeated doses of adrena- 

lin, as in the experiment given above. A certain tolerance seems 

to be established. Doyon, Morel, and Kareff® have demonstrated 

that adrenalin causes a diminution of glycogen of the liver accompa- 

nied by a rise in the sugar content of the blood. Moreover, adrenalin ® 

perfused through surviving livers stimulates sugar formation. 

That the pancreas ordinarily plays a role in adrenalin glycosuria is 

not established. Although Herter’s7 observations would seem to in- 

1 HEeRTER: Loc. cit. 

2 LoEPER and CROUZON: Archives de médicine expérimentale, 1904, xvi, p. 83; 

Abstract in Comptes rendus de la société de biologie, 1993, lv, p. 1376. 

8 Paton: Loc. cit. 

4 Patron and DRUMMOND: Journal of physiology, 1994, XXxi, Pp. 92- 

6 Doyon, Moret, and KAREFF: Journal de physiologie, 1995, P- 998. 

6 IwaNnorF: Zentralblatt fur Physiologie, 1995, xix, p- S9I- 

7 HerTER: Loc. cit. 
E 
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dicate such a function on the part of this organ, the results of Doyon, 

Morel, and Kareff,! are opposed to it. 
The influence exerted by adrenalin upon the tissues has been 

studied by Drummond? and Elliott. According to the former the 

toxic action of adrenalin is most distinctly seen in the glandular 

organs, and particularly the liver and kidney. Elliott, on the other 

hand, demonstrates ‘that its single characteristic is the aptness to 

stimulate plain muscle and gland cells that are or have been in func- 

tional union with sympathetic nerve fibres.’* He shows that only 

where sympathetic nerve fibres exist does adrenalin have an action. 

From the facts given it appears to the writer that the influence 

of adrenalin in causing glycosuria can be explained most readily by 

assuming that it acts directly upon the nervous elements, probably 

through the sympathetic system. In no other way is it likely that such 

small quantities injected would have such pronounced effects. The 
stimulation of the sympathetic nerves leading to the liver or to other 

storehouses of carbohydrate may be sufficient to cause these organs 

to throw out their stored up material in the form of dextrose. While 

it lasts the stimulation is probably intense and a greater quantity of 

dextrose is formed and discharged into the circulation than can be 

cared for immediately. As fast as it is returned to the liver to be 

transformed into glycogen, it is rejected, owing to the stimulation of 

the liver cells by the adrenalin. It would appear from this that two 

processes may be involved, — one causing the transformation of glyco- 

gen into dextrose, the other preventing the reverse process. Blum® 

in one of his first papers on adrenalin glycosuria put forth the view 

that it resembled piqtire rather than pancreatic diabetes. The action 

upon the nervous system appears to the writer to be the essential 

point. The resulting stimulation of the liver cells in connection with 

these nerve fibres causes an increased output of dextrose, and whether 

this output of dextrose is due to an increased formation or to a 

diminished storage of dextrose is a purely secondary matter. 

Doyon, MOREL, and KAREFF: Loe. cit. 

DRUMMOND: Journal of physiology, 1904, xxxi, p. 81. 

Ext.iotr: /dd., 1905, xxxii, p. 4ol. 
Cf. v. Frey: Sitzungsberichte der Wiirzburger physikalische-medizinische 

Gesellschaft, 1905. 
5 Bium: Archiv fiir die gesammte Physiologie, 1902, xc, p. 617. 

- om 
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SUMMARY. 

No evidence has been obtained that the distribution of the nitrogen 

__in the forms of ammonia nitrogen, urea nitrogen, creatinin nitrogen 

— is altered by the subcutaneous administration of adrenalin in dogs. 

The results of Paton in which the ammonia nitrogen of the urine was 

increased and the urea nitrogen decreased have not been confirmed. 

The ability of the organism to utilize dextrose subcutaneously 

administered in adrenalin glycosuria is not seriously impaired. 

Repeated doses of adrenalin finally fail to produce glycosuria, thus 

giving evidence of the establishment of a certain degree of tolerance, 

as already noted by other investigators. 

It is suggested that the mechanism of adrenalin glycosuria is 

essentially of nervous origin, and acts through the intermediation of 

the sympathetic nervous system which is called into play. This 

activity is in part directed upon the sugar-storing organs, causing 

them either to relinquish their supply of dextrose-producing sub- 

stances, or preventing the storage of glycogen, owing to the stim- 

ulation of the cells, or both, thereby causing hyperglycaemia and 

glycosuria. 

Adrenalin glycosuria bears no relation to ordinary diabetes in man. 



CONTRIBUTIONS FROM THE ZOOLOGICAL LABORATORY OF THE 

MUSEUM OF COMPARATIVE ZOOLOGY AT HARVARD COLLEGE. 

E. L. MARK, Drrecror. No. 18o. 

THE REACTIONS OF EARTHWORMS TO SALTS: ASTUDY 

IN PROTOPLASMIC STIMULATION AS A BASIS OF 

INTERPRETING THE SENSE OF TASTE. 

By G. H. PARKER anp C. R. METCALF. 

HAT transpires when a stimulating solution causes a reaction 

in an organism is not easily stated, and may differ even 

fundamentally in different cases, but with increased knowledge as 
to the nature of solutions, the complete analysis of such instances 

becomes more nearly possible, and experimentation can be directed 

with greater definiteness toward solving such problems. The object 

of the work recorded in this paper was to attack this question in a 
well circumscribed case, and for this purpose a class of relatively 

simple salts, the chlorides of sodium, potassium, lithium, and am- 
monium, were selected as stimuli, and the common earthworm, 

Allolobophora fcetida, as the reacting organism. That this animal 

is strongly chemotropic had already been attested by Loeb (94, 

pa 202): 
The salts used were the purest obtainable commercial products, 

the so-called c. p. salts, which were subsequently still further purified 

by recrystailization. We are under obligations to Professor C. R. 

Sanger, of the Harvard Chemical Laboratory, for aid in getting 

sodium chloride free from sulphate, and to his assistant, Mr. M. L. 

McCarthy, for the preparation of pure lithium chloride. The solu- 

tions were made up in distilled water, and titrated against a mol. 

solution of silver nitrate, with potassic chromate as an indicator, and 

corrected till they were within 2 per cent of agreement with the 
standard solution. The dilutions made from the stock solutions of 

salts were also titrated against a silver solution, that possible mistakes 

in mixing might be checked. ; 
in 5 
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The method employed in testing the worms was very similar to that 

used by Loeb (02), and especially by Braeuning (: 04), on the frog. 

The worms were thoroughly rinsed in tap-water till they were cleaned 

externally of foreign matter, and each worm was then suspended from 

the tail-end by a silk thread. The thread was attached to the worm by 

being passed through its tail-end on a needle, and then tied in a loose 

knot. As might have been expected from the work of Norman (: 00), 

the worms reacted very slightly, if atall, to this method of suspension. 

The worms thus prepared and numbered were kept singly in small, 

open glass vessels of tap-water. They were always handled by 

means of the silk thread, as this method proved far more satisfactory 

than any other tried. 

The apparatus with which the tests were made, which is shown 

in the accompanying figure, consisted of a base with an upright 

wooden post to which a pivoted arm was fixed. One of the ends of 

the arm was notched so that the silk thread carrying 2 worm could * 

be inserted into it, and the other end was used as a handle by which 

the arm could be moved so as to raise the worm or lower it into the 

solution contained in a glass vessel on the base. 

When a test was to be made, a worm was taken up by its thread 

and attached to the arm of the apparatus. The superfluous water 

was drained from it, and, after it had lengthened fully, it was low- 

ered gently but quickly into the solution to the depth of the anterior 

edge of the clitellum. As the tip of the worm cut the surface of the 

solution, a stop-watch was started, and when asa result of the con- 

traction of the worm the tip withdrew from the solution the watch 

was stopped. The interval of time thus recorded to fifths of a second 

was taken as the reaction time for that particular experiment. From 

some of the less stimulating solutions the worms did not withdraw 

for a considerable period; after two minutes had expired such ex- 

periments were discontinued, and the worm was taken out of the 

solution. Records of this kind of result, which in the whole series 

of trials was relatively rare, are indicated in the tables by an asterisk, 

thus, 120%. After the worm under ordinary circumstances had with- 

drawn from the solution, it was rinsed in tap-water, returned to its 

glass, and allowed to rest at least five minutes before another trial 

with it was made. After twenty or thirty such trials, even with 

periods of rest of at least five minutes, it was found that the worms 

gradually decreased in their reactiveness, and it was decided for the 

sake of uniformity to use no worm for more than twelve reactions. 
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To make these tests with the four solutions usually employed in as 

uniform a way as possible, four worms were used in each set of 

trials, and the solutions were made to follow the sequence indicated 

by the numbers in Table I. 

TABLE I. 

The numbers in this table show the sequence in which the solutions were used in 

testing four worms in any set of reactions. 

Number of 
the worm. 

It will be seen by inspecting this table that each solution was used 

on each worm, and further that each solution had first place with 

some one worm. By averaging the reaction times thus obtained for 

each salt, a measure of its capacity to stimulate was arrived at in 

which exhaustion as a disturbing factor was eliminated. In this way 

results were obtained that admitted of direct comparison. As a mat- 

ter of fact, it was found that the series given in Table I could be re- 

peated three times on one set of worms without calling forth obvious 

evidence of exhaustion, and the tables of actual results contained in 

the Appendix represent this procedure. So far as the reaction times 

were concerned, the particular sequence in which the salts were used 

was found to be immaterial provided that after each test the worm 

was kept for at least five minutes in tap-water. In the actual exper- 

iments the sequence given in Table I (NaCl, KCl, LiCl, NH,Cl) 

was used, but experience showed that any other sequence was equally 

good. Although the tables given in the Appendix were originally 

made up in the order given in Table I, that order, for ease of com- 

parison, has been changed to the one established by the relation of 

the reaction times themselves. But, as already stated, there is not 

the least reason to suppose that the sequence now given in these 

tables would not have yielded the same results. The reaction times 

were taken during March, April, and May. 
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Notwithstanding the care exercised in the management of the 

worms, it was found that some individuals presented striking and 

characteristic differences as compared with others, as Braeuning 

(:04, p. 177) has already stated to be the case with frogs. These 

differences are to be attributed to the different physiological states of 

the worms. Since, however, each solution was used on each worm, 

such differences offer no difficulty in the interpretation of single 

TABLE II. 

Average reaction times in seconds of Allolobophora foetida to solutions of various 

strengths of the chlorides of potassium, lithium, ammonium, and sodium, and to distilled 

water. 

KCl 

LiCl 

{NH,CL 

NaCl 

tables, but they do render the comparison between tables less reli- 

able, though, as a general inspection of the results will show, the error 

thus introduced cannot be said to vitiate the final conclusions. 

The strengths of solutions used were mol. 2, gm go Tome and 

es and tests were made with distilled water. 

The detailed results of these experiments are contained in Tables 

VIII to XV in the Appendix, the averages from which are given in 

Table II. 

On inspecting this table it will be seen that the mol. solutions of 

all four salts were so vigorously stimulating that the worms always 

withdrew within two-tenths of a second and, consequently, it is 

impossible for us to state whether at this concentration one salt was 

a more effective stimulus than another. In all the remaining sets of 

solutions the average reaction times were different for each salt, and 

consequently the salts can be arranged in sequences in accordance 

with their stimulating capacities. These sequences agree in all the 

concentrations from 7% to Zi9- Beginning with the salt giving the 

shortest reaction time, this sequence is sodium, ammonium, lithium, 

and potassium. 

to 
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Each salt likewise shows a characteristic series for its own concen- 

trations. In sodium the reaction times in concentrations from mol. to 

™- inclusive are probably all minimal, the slight deviations observed 

being obviously accidental. At ,%, a real lengthening of the time 

takes place, and this is increased at ,”,, but even at this dilution it is 

not so slow as in distilled water. 

Ammonium at mol. concentration gives a minimal reaction time, but 

the time lengthens at ” and continues to lengthen progressively 

to ”.. At ;”> it shortens considerably, to become again longer 

for distilled water. 
The series for lithium starts at a minimal reaction time for the mol. 

solution, which is’ followed by a series of progressively increasing 

periods to a maximum at ™ or ,%., after which it quickens at ,7, to 50 100° 500 

a time somewhat more rapid than that for distilled water. No two- 

minute records were obtained from any of the worms in the sodium 

or ammonium solutions, but in the lithium solutions one was observed; 

namely, at concentration 7. (Appendix, Table XII). 

The series for potassium also begins with a minimal reaction time 

at a mol. concentration, and progressively lengthens at each concen- 

tration toa maximum at “. At ,”, it perceptibly shortens and again 

at =”, but not so much so as in distilled water. The potassium series 

contains three two-minute interrupted records, one at 7; and two at 

the maximum 7 (Appendix, Tables XI and XII). 
When the series for the different salt solutions are compared, it 

will be seen that each series shows one maximum, and that in accord- 

ance with the reaction times of these maxima the salts fall into a 
sequence agreeing with that shown by the reaction times of any con- 

centration between ” and “., z.e., the shortest maximum reaction 
time is shown by sodium chloride (7.43 sec.);1 the next by 
ammonium (23.05 sec.); the next by lithium (37.80 sec.); and the 

longest by potassium (55.45 sec.). Since these reaction times may 

be taken as indications of the degree of stimulation, it is clear, from 
what has been shown, that the most stimulating solution is that of 

sodium followed in sequence by ammonium, lithium, and potassium. 

Earthworms contain such a large proportion of water that it is 

quite natural to suppose that changes in their fluid contents due to 

osmotic pressure might be a means of stimulation. 

It is conceivable that the extraction of water from the skin of the 

1 It is probable that the reaction time to sodium chloride is longer in solutions 
m weaker than ;%,, but these were not tested. 
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worm, or the infiltration of this material into the animal might stim- 

ulate the integumentary sense organs in such a way as to result in 

the reactions already recorded. Under such conditions stimulation 

ought not to occur in solutions that are isotonic with the fluids of the 

worm, but any solution whose osmotic pressure is either greater or 

less than that of the fluids of the worm might be stimulating. 

Moreover, under such circumstances the reaction time ought to show 

some relation to the disparity between the osmotic pressure of the 

fluids of the worm and that of the stimulating solution, in that the 

TABLE III. 

Dissociation per thousand molecules and osmotic pressure in atmospheres of the 

various strengths of solutions of the chlorides of lithium, sodium, ammonium, and potas- 

sium. The table was calculated from the data given by Kohlrausch and Holborn (98). 

x Dissociation per thousand. Osmotic pressure in atmospheres. 

Strengths 
of 

solutions. 
| 

| | 
| NH,Cl.| KCl. Licl. | NaCl. | NH,Cl- KCl. 

| 
| 

| 36.40 | 37: 39.11 | 40.16 

4.07 | : 4.15 4.15 

275 \ 2 2.80 2.80 

1.67 68 1:70: |) eA 

0.85 8 0.86 | 0.86 

0.43 43 | 0.43 0.43 

0.09 | 0. 0.09 | 0.09 

time should lengthen as these two factors approximate each other and 

shorten as they diverge. 

Table III gives the calculated osmotic pressures in atmospheres of 

the solutions used in the preceding experiments and a comparison 

of this table with Table II, in which the reaction times of the worms 

to these solutions are given, will show something of the value of 

this factor in stimulation. It will be seen at once in Table III that 

the osmotic pressures for any set of four equimolecular solutions are 

fairly close, and yet the reaction times to these solutions, as shown in 

Table Il, are often quite far apart; thus at , the osmotic pressures 

of the four solutions are practically identical, but the reaction times 

to these are such as to make them easily distinguishable. Moreover, 
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if the amount of osmotic pressure were the effective factor in stimula- 

tion, the sequence of the salts in any set of solutions where this 
sequence could have been made out should have been potassium, 

ammonium, sodium, and lithium, but, instead of that, at all concen- 

trations in which a sequence was observable, it was sodium, am- 

monium, lithium, and potassium. It is thus clear that differences of 

osmotic pressure are not the controlling factors in these reactions. 

Notwithstanding what has been said, it cannot be denied that 

osmotic pressure is an important factor in determining the state of an 

earthworm. That these animals change their volumes by giving out 

water or taking it up in accordance with the condition of the sur- 

rounding medium is shown by the following experiment. The 
anterior ends of a number of earthworms were cut off and the worms 

were kept under normal conditions till by the healing of the wound 
their mouths were closed. They were then placed in shallow, dis- 

TABLE IV. 

Percentage change in volume in Allolobophora fcetida on being transferred from dis- 

tilled water to various concentrations of potassium chloride in water, where the worms 

remained 24 hours. 

Strength of sol. of KCl. 

Percentage loss in volume 
.of the worms. 

tilled water, where they remained for several days till their digestive 

tubes were entirely free from waste. Eight sets each of five such 
worms were then measured volumetrically by removing the superfi- 

cial moisture from the worms and passing them into a narrow grad- 

uated tube containing a known volume of water. This operation was 

repeated from time to time till the worms showed an approximately 

constant volume, which happened usually within about twenty-four 

hours. After their volumes were thus determined, one set of worms 

was put into each of the seven solutions of potassium chloride used 

in the preceding experiments, and, after twenty-four hours, their 

volumes were again ascertained by measuring the worms in the 

graduated tube, using in place of distilled water the solutions in 

which they had been retained. The eighth set was kept in distilled 

water as acheck. The volume of the eighth set remained practically 

constant, and the changes in the volumes of the other seven sets are 

given in Table IV. 
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The worms put in the mol. solution contracted vigorously, dis- . 

charged droplets of a thick, whitish secretion, which clung to their 

integument, and died in a few minutes. At the end of twenty-four 

hours they were much shrivelled. In all the other solutions the 

worms lived over a day without showing any evidence of deteriora- 

tion, though in the “, solution they were almost constantly in motion, 

as though continually stimulated. 

All the living worms, during the twenty-four hours that they were 

in the solutions, discharged, probably from the skin, a small amount 

of slimy secretion. This must have reduced their volumes somewhat, 

but, since this secretion on being collected never measured as much 

as one per cent of the total volume of the worms, it was disregarded, 

for it was evident from the facts already given that even allowing for 

this slight loss, there was still abundant evidence to show that earth- 

worms, like frogs (Braeuning, :04, P- 173), change their volume by 

taking in and giving out water. ; 

Although this whole process, which goes on rather slowly, is prob- 

ably not the occasion of the stimulation due to salt solutions, its first 

steps, or something very like them, we believe, are unquestionably 

concerned in this operation. In many cases the reactions of the 

worms were relatively so quick that the organs stimulated must have 

been very superficial in position, probably in the epidermis, and the 

transfer of materials to these organs from the surrounding solution 

or the reverse is probably one of the causes of stimulation rather than 

the more general transfer between the deeper parts of the body and 

the exterior. If some such physical operation is not assumed, it is 

difficult to explain why distilled water of the stock that was used in 

making up the solutions was more stimulating than some of the solu- 

tions themselves, such as ammonium chloride y., lithium chloride 

” to ~, or potassium chloride, ™ to ”. (Table II). Worms lived in 

this distilled water for over a week without apparent deterioration, 

and we never observed any injurious effects such as might be attrib- 

uted to very minute amounts of metallic impurities (Nageli’s oligo- 

dynamic effects). We therefore believe that the stimulating effect of 

distilled water as compared with that of certain salt solutions is to be 

attributed to some such physical cause as osmotic pressure or even 

simple diffusion. Loeb (:02, p. 261) has shown that it is probable 

that the entrance of water into the skin of a frog is stimulating to the 

integumentary sense organs and its exit quieting, and that the reverse 

is true for motor nerves, — a conclusion confirmed by Mathews (Ges) 
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and Braeuning (:04, p. 172), who seems not to have known of Loeb’s 

work, also lays stress on this method of stimulation in the reactions 
of frogs to salt solutions. While these physical transfers of materials 

may be looked upon in a certain sense as stimuli, the real stimulation 

is probably due to the changes produced by them in the concentration 

of the substances dissolved in the protoplasm. 

Although these physical processes doubtless play some part in this 

form of stimulation in the earthworm, it is obvious, from what has 

been stated, that they cannot account for the characteristic and strik- 

ing differences in the reaction times of these animals for the four sets 

of salts tested. These differences must be explained in some other 

way, and are probably dependent upon the action of some of the ionic 

constituents of the solutions. 

Since the degrees of dissociation for the four salts are fairly close 
for each strength of solution used (Table III), and since all four salts 

are chlorides, it follows that their different stimulating effects cannot 

well be attributed to the action of the common anion, chlorine. More- 

over, if this ion were the effective stimulating material, the sequence 

of the salts from the standpoint of stimulation ought to be for most 

of the sets of solutions ammonium, potassium, sodium, and lithium. 

Since the sequence is sodium, ammonium, lithium, and potassium, it 

is obvious that the chlorine ions have no effect in determining this 

sequence, 

To explain this differential effect in stimulation there remain the 

four cations, sodium, ammonium, lithium, and potassium, and the un- 

dissociated molecules. Of these the sodium ions or sodium chloride 

molecules or both must be responsible for the very stimulating quality 

of the sodium solutions. That the sodium ions are very probably the 

stimulating element is seen from the fact that the solutions of all other 

sodium salts that we tested (sodium nitrate, sulphate, and acetate) 

called forth the same quick reaction that sodium chloride did. This 

is well seen in sodium acetate in comparison with sodium chloride, 

for which the reaction times are given in Table V. 

From these observations we conclude that the effective stimulating 

element in the sodium solution is the sodium ion and not the undis- 

sociated molecule of salt. In a similar way we have been led to a 
corresponding conclusion regarding the other salts, and we therefore 

believe that the characteristic reaction times for the four salts tested 

depend primarily upon their cations. Since these cations are all uni- 
valent, valence cannot be called upon as a means of explaining the 
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observed differences in stimulation, as in fact Loeb (.02, p. 262) has 

already shown in the frog. Such stimulation must depend upon the 

specific properties of the cations in question. 

In passing from the stronger to the weaker solutions, the number 

of cations diminishes, stimulation is less, and the reaction times 

TABLE V. 

The reaction times in seconds of four earthworms, Allolobophora feetida, to strengths 

of sodium chloride and of sodium acetate from 45 tO x00: While sodium chloride at ys is 

saltish, and at #% is slightly salty and the corresponding sodium acetate solutions have a 

slight taste, all other solutions (75 to yoo) were to us indistinguishable from distilled 

water. 

No. 
of the | 
worm. | 

3 

CH,COONa. CH,COONa CH,COONa. 

Averages 0.2 

lengthen (Table Il). After the maximum time in any series has 

been reached (ammonium 2, lithium to (#,, potassium wt), the” 

increase in rate in the still weaker solutions is due, we believe, to 

double stimulation caused in part by the cations, and in part by 

a more physical action of the solution as a whole, a form of stim- 

ulation that is probably seen in its purity in the reaction to dis- 

tilled water. It seems to us therefore that while the different reaction 

times of the worms are dependent primarily on stimulation by the 

cations of the particular solutions, they are also partial products of 

certain other stimuli which, however, in themselves would not give 

differential effects. 

The reactions of the worms dealt with in this paper are not inappro- 

priately ascribed to the sense of taste, and it is well known that the 

mM 
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four salts here used are stimuli for the salty taste in man. Kahlen- 

berg (’98) and Héber und Kiesow ('98) have pointed out that this 

salty taste is dependent upon the anion chlorine and that a similar 

taste is excited by the closely related ions bromine and iodine. It 

is perfectly clear, however, that there is a wide gap between the 

condition in man and that in earthworms, for, while we can taste 

solutions of common salt only to about a 7 dilution, earthworms react 
50 

vigorously to dilutions ten times as great, ,”,. Not only is this differ- 

ence in sensitiveness characteristic for man and the earthworm, but 

the two organisms in this case react to opposite classes of ions. In 

man, as already mentioned, the salty taste of the four salts used in 

our experiments is unquestionably due to the common anion chlorine; 

in the earthworm, as we have demonstrated, the characteristic stimu- 

lation is due to the cations sodium, ammonium, lithium, and potassium ; 

in other words, for the earthworm the solutions tested do not 

represent a homogeneous group corresponding to the salty taste in 

man, but the worm reacts with striking difference to these four 

solutions. Thus it is clear that the primary stimulus for man is 

the anion, for the earthworm the cation of the salts tested. 

Although physiologists are inclined to describe the salty taste as a 

homogeneous taste and to look upon chlorine, bromine, and iodine 

ions as the homologous stimulus for it, such a view is only partly 
true. If any one tests by taste the four solutions that we used, he 

can with avery little practice come to distinguish them with perfect 

certainty. All four solutions at mol. strength taste characteristically 

salty, but the taste of each one has a slight but peculiar flavor which 

allows that one to be distinguished from the rest. This specific 

character of the saltiness, which has already been recognized by 

Hober (:02, p. 183), must be due to cationic stimulation, —a feature 

which, as we have just seen, is greatly emphasized in earthworms. We 

believe therefore that while the organs of taste in man are stimulated 

chiefly by the anions of the four salts studied, they are also stimulated 

slightly by the cations; thus the positive charge as well as the nega- 

tive charge on ions may be stimulating, as Loeb (:02, p. 262) has 

demonstrated in the frog. It is not impossible that in the earthworm, 

where the cations are the chief stimuli, the anions may also play a 

subordinate rdle, but of this we have no conclusive evidence. 

Since the same salts that give rise to an almost homogeneous stim- 

ulation in man produce such diverse effects in Allolobophora, we 

must conclude that the occasion of the differences is to be sought 
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for in the different constitution of the protoplasms of the two organ- 

isms. While the living substance of the organs of taste in Allo- 

lobophora is of such a composition that it is open to easy stimulation 

by the cations sodium, ammonium, lithium, and potassium, and is not 

especially stimulated, if at all, by the anion chlorine, that of the gus- 

tatory organs of man is so constituted that it is easily stimulated 
by 

the anion chlorine and very feebly affected by the four cations 

named. In other words, we are driven to assume a high degree of 

protoplasmic differentiation in the gustatory end-organs of these two 

animals, and the idea, often implied in recent biological work, that 

protoplasm exhibits uniformity in its vital reactions to such relatively 

simple reagents as solutions of electrolytes, appears to be untenable. 

Our observations lead to the view that the composition of living 

substance is so immensely complex, and the possibilities of its differ- 

entiation are so great, that sweeping generalizations as to its relation 

to chemical stimuli are to be accepted with the utmost caution. 

If the terminal protoplasm of the gustatory organs of various 

animals may be differentiated to the extent that this discussion sug- 

gests, it follows that different animals in accordance with their differ- 

ent chemical environments might be expected to present different 

modes of stimulability, 2 é-, to be differently adapted to chemical 

stimulation. To test this proposition, the salt solutions employed 

in the preceding experiments were tried as stimuli on a species of 

earthworm from a different environment from that in which Allolo- 

bophora lives. Allolobophora, as is well known, is found almost €X- 

clusively in horse manure. The second worm tested, Helodrilus 

calignosus (Sav.), is found almost always in garden soil, and hence 

must have encountered a different set of solutions from those which 

influence Allolobophora. The reaction times of Helodrilus to 75 S0- 

lutions of the chlorides of sodium, ammonium, lithium, and potas- 

sium were taken by Mr, Owen Bryant, to whom we are indebted 

for the use of Table VI. 

An inspection of Table VI will show that in all four sets of exper- 

iments the average reaction times, though steadily shortening as the 

spring advanced, give grounds for a distribution of the salts in the 

invariable sequence potassium, ammoniu
m, sodium, and lithium. This 

sequence was So different from that obtained by us wit
h Allolobophora 

that Mr. Bryant tried on Allolobophora the very solutions with which 

he obtained the results on Helodrilus, and found that they gave 

the sequence recorded in our earlier experiments, namely, sodium, 
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ammonium, lithium, and potassium. It thus appears that these salts 

are stimulating to the manure-inhabiting Allolobophora in the se- 

quence sodium, ammonium, lithium, and potassium, and to the earth- 

inhabiting Helodrilus in the order potassium, ammonium, sodium, and 

lithium. We have here undoubtedly two conditions of stimula- 

tion dependent in all probability upon environmental adaptation 

and exhibiting again the capacity of protoplasm for this kind of 

differentiation. 
TABLE VI. 

Average reaction times in seconds of the earthworm Helodrilus calignosus (Sav.) 

to #4 solutions of the chlorides of lithium, sodium, ammonium, and potassium. Each 

average is based on twelve readings, four from each of three worms, as described on 

p. 57. 

Source of worms. #5 KCl. | 36 NH,CL. 

Cohasset, Mass. | 4.19 

3 3.67 

Arlington, “ 2.28 

Cohasset, “ 1.18 

Regarded from the standpoint of adaptation, the sense of taste may 

be looked upon as one of the means of distinguishing between a favor- 

able and an unfavorable chemical environment, or, in its restricted 

form as a means of distinguishing wholesome from unwholesome 

food. From this standpoint injurious or poisonous substances ought 

to be tasted in very weak solutions, 7. ¢., the toxicity and the sapidity of 
a substance ought to be related. It is therefore interesting to observe 

how very reactive Allolobophora is to solutions of sodium chloride, a 

substance which, as Ringer (’95), Loeb (:00, :05), Cyshing (:o1), 

Ostwald (:05), and others have pointed out, is in its pure state 

especially injurious to many animals and animal tissues. These in- 

jurious effects can be largely counteracted by the addition of other 

substances, especially calcium salts, to the solutions —a procedure 
which tends to produce what Loeb has called a balanced physiological 

salt solution. 

If taste is related to toxicity in the way suggested, we ought to 

find an increase in the reaction times of Allolobophora to solutions 

of sodium chloride containing, for instance, calcium. The results of 

a set of trials to test this question are shown in Table VII. 
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It is clear from these results that so far as the sense of taste in 

Allolobophora is concerned, calcium ions do not counteract sodium 

ions, and that these experiments give no support to the view that 

what will alter the toxicity of a substance will correspondingly change 

its taste. Nevertheless it must not be forgotten that silver and 

mercury ions can be tasted in greater dilutions than hydrogen ions, 

TABLE VII. 

Reaction times in seconds of Allolobophora to solutions of sodium chloride and cal- 

cium chloride singly and combined. 

Number | Number NaCl +# NaCl 5 

of the crthe . | NaCl. | CaGlhs%r- | cei a lacaeinges 

worm. trial. ; ; | CaCle yoo? | CaCls x00: 

= = —— — 

1 9.2 | 17.8 62 | 13.6 

33 | 2 | 8.4 14.2 9.0 | 16.4 

3 | 10.0 11.2 10.2 | 17.8 

1 | 2 72 02 ° | "eZ 

34 2 0.2 738 0.2 0.2 

3 0.2 5.8 0.2 0.2 

1 7.2 11.2 68 | 12.2 

35 2 6.6 94 7.4 10.6 

3 5.8 12.6 5.0 8.2 

Averages . - + + 5.3 10.8 5.0 SS 

1 This mixture was made by adding to 5 c.c. of normal sodium chloride 

5 c.c. of normal calcium chloride and 490 c.c. of water. 

2 This mixture was made by adding to 2.5 c.c. of normal sodium chloride 

2.5 c.c. of normal calcium chloride and 495 c.c. of water. : 

and hydrogen ions in greater dilutions than hydroxyl ions, and that 

the heavy metal ions are usually more poisonous than hydrogen 

ions and hydrogen ions more poisonous than hydroxyl ions. Whether, 

however, such a rule holds generally is still to be ascertained. But, 

however this may be, it is obvious, from what has already been shown, 

that the sense of taste in animals, as exhibited by their reactions to 

electrolytes, necessitates the conception of fundamentally diverse 

conditions in the protoplasm of their gustatory organs. 
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SUMMARY. 

1. Allolobophora foetida withdraws from solutions of the chlorides 

of sodium, ammonium, lithium, and potassium varying in strength 

from mol. to ;, at rates that show these salts to be stimulating in 

the sequence (beginning with the most energetic) of sodium, am- 

monium, lithium, and potassium. The worms withdraw quickly from 

distilled water that gives no evidence of oligodynamic action. 

2. Allolobophora is stimulated in part by the physical action of 
the salt solutions (osmotic pressure, diffusion, etc.), in part possibly 

by the chlorine anions (but of this there was no conclusive evidence), 
and principally by the cations sodium, ammonium, lithium and potas- 

sium, The differential stimulation depends not upon valence or the 

sign of the electric charge, but upon the specific character of the 
cations, 

3. To man all four solutions taste salty, but with slight character- 
istic differences; the salty taste is due to the anion chlorine, the 
characteristic flavor to the cations sodium, ammonium, lithium, and 

potassium. 

4. In Allolobophora the chief stimulus is the cation, in man the 

anion; hence the gustatory protoplasm of these two organisms must 

be chemically differentiated in these two directions. 

5- In the manure-inhabiting Allolobophora the four solutions are 

‘stimulating in the order sodium, ammonium, lithium, and potassium ; 

in the earth-inhabiting Helodrilus the same solutions are stimulating 

in the order potassium, ammonium, sodium, and lithium; hence these 

reactions are indicative of a probable adaptation of the gustatory 

protoplasm of these worms to their own chemical environments. 

6. The reactions of Allolobophora to solutions of sodium chloride 

are not influenced by solutions of calcium in such a way. as to show 

that the sapidity of sodium chloride is related in any close way with 
its well-known toxicity. 
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APPENDIX. 

The seven following tables give in detail the reaction times to fifths 

of a second of 28 earthworms (Allolobophora foetida), four of which 

were used with each set of the seven dilutions of the four salts tested. 

The dilutions were mol. m m 1 mw mM and ve The actual 
To’? 156’ 26% 50? 100? 500° 

sequenec in the use of the salts was NaCl,!KCl} LiCl, and NH,Cl, 
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but for convenience of reference this sequence has been changed in 

the tables (see p. 57). 

The eighth table gives in detail the reaction times of four earth- 

worms (Allolobophora foetida) to distilled water. 

TABLE VIII. 

Worms 1 to 4 were tested, each one three times in each of the four mol. solutions 

and withdrew in every case in less than 0.2 second. As this was the minimum unit 

of time used for records, their reaction times have been set down as 0.2, and are given 

in the table in condensed form only. 

Temperature of the solutions, 19° C. 

Bion of the m NaCl. |mNH,Cl.| m LiCl. | KCI. 
worm. 

TABLE IX. 

Temperature of the solutions, 21° C. 

= eae : to NaCl. 7 NH,Cl. 
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~sI 
to 

Number of 
the worm. 

TABLE X. 

Temperature of the solutions, 

H. Parker and C. &. Metcalf. 

20° C. 

0.2 98 6.0 

9 0.2 24 4.0 13.4 

0.2 164 98 600 

| 

| 

| 0.2 66 10.8 | 9.6 

10 0.2 3.0 8.8 24.8 

0.2 5.4 16.2 8.4 

0.2 9.2 

11 0.2 3.0 
0.2 2.0 

0.2 3.2 19.6 20.8 

0.2 68 32.4 

0.2 10.0 14.4 

Averages 

Tempe 

oN aS ie) 

+ 

TABLES 
eae 

rature of the solutions, 
19° C. 

Number of ™ NaCl m NH,CI. a LiCls ETO: 

the worm. 
2t 

| 25 

= — —_ 
SS 

| 0.2 | 8.4 
32.0 

103.0 

13 | 0.2 
31.2 

37.0 
120.0* 

0.2 
9.2 

17.2 
22.0 

0.2 
10.6 

15.4 
32.4 

14 0.2 
5.6 | 19.6 

38.2 

0.2 
7.0 \ 63.4 

Xe 

0.2 
9.4 

26.4 
194 

15 | 0.2 104 
366 

12.8 

0.2 18.4 
41.4 1178 

| 
| 0.2 

11.4 
220 

21.6 

16 | 0.2 
45 224 

168 

0.2 
9.8 29.6 

33.8 

3 
= : 

Averages | 0.2 11.35 30.25 45.85 

had not with- 

* An asterisk indicates that at the end of two minutes the worm 

interrupted at], 

drawn from the solution, and that in consequence the experiment was 

that moment. 
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TABLE XII. 

Temperature of the solutions, 19° C. 

Number of ‘ | ; Bs 
the worm. 5 50 LiCl. 

NH h 

Fmwonw 

0. 
0. 
0. 

0. 
0. 

0. 

0. 
0 
0 

0 
0. 
0. NWN NNN 

Averages 0.25 

* An asterisk indicates that at the end of two minutes the worm had not with- 

drawn from the solution, and that in consequence the experiment was interrupted 

at that moment. 

TABLE XIII. 

Temperature of the solutions, 20.5° C. 

Number of NaC mon . mpsc oA tea 
ae Garin: NESE isNH,Cl. | yGeLiCl. PKC 

10.6 
ot 
9.4 NMNwhH 

60.8 
31.2 
21.0 ©2So S590 NN th 

5.0 
0.2 
5.0 

6 
.2 
2 oon 

~ in w Averages 
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TABLE XIV. 

Temperature of the solutions, 19° C. 

Number of SisNH,Cl. syLiCl. vryKCl. 

the worm. 

0.2 19.0 17.8 28. 

25 0.2 12.8 10.4 36. 

0.2 12.2 23.0 40. 

9.2 16.0 

> = ~I BS 
Www HP pON OCOOW 

29.88 

TABLE XV 

earthworms (Allolobophora foctida) to distilled water. The 

ded in Table XIV. Reaction times of four 

worms used had been previously employed for the reactions recor 

Temperature of the water, 19° C. 

N 
= 2 | : 5 wae c 

Number of First trial. Second trial. Third trial. | Averages. 

the worm. 

S 

17.6 

23.5 

30.6 

General average 



EXPERIMENTS ON THE PHYSIOLOGICAL ACTION AND 

METABOLISM OF ANHYDRO-OXYMETHYLENE- 

DIPHOSPHORIC ACID (PHYTIN ACID). 

By LAFAYETTE B. MENDEL anp FRANK P. UNDERHILL. 

[From the Sheffield Laboratory of Physiological Chemistry, Yale University.] 

i 1903 Hart and Andrews! reported a series of investigations 

which led them to the conclusion that commercial feeding stuffs 

of vegetable origin do not contain appreciable quantities of phosphorus 

in organic combination. Germinated grains are rich in forms of solu- 

ble organic phosphorus; and germination does not, as is generally 

assumed, transform organic phosphorus into inorganic form. With 

this conclusion observations of Schulze and Castoro” are in substantial 

accord. A subsequent study by Patten and Hart® demonstrated that 

practically all of the soluble phosphorus of wheat bran is of an 

organic nature, and that the organic compound exists in the bran as 

a magnesium-calcium-potassium salt of a phospho-organic acid. The 

free acid was found to correspond to the formula C,H,P,O,; and 

Patten and Hart regard it as probably identical with a compound 

isolated by Posternak* from various seeds and other plant parts, and 

described as.anhydro-oxymethylene diphosphoric-acid : 

H 
| 

‘TO. P i CHO. POOH), 
) 
\CH — O - PO(OH). 

| 

H 

1 Hart and ANDREWws: American chemical journal, 1903, xxx, p. 470; also 

New York Agricultural Experiment Station, Bulletin 238. 

2 ScuuLze and Casroro: Zeitschrift ftir physiologische Chemie, 1904, xli, 

p. 476. 

8 Parren and Hart: American chemical journal, 1904, xxxi, p. 564. 

4 PosTERNAK: Comptes rendus de la société de biologie, 1923, lv, p. L190. 
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Posternak introduced the name “ phytin” for this acid, but the 

term has lately been used commercially to designate an acid calcium- 

magnesium salt of the organic compound. 

The phospho-organic acid here referred to is doubtless the same 

substance which several investigators have met with in various plant 

materials in the form of its salts. Pfeffer! probably detected a 

similar salt as early as 1872. Various workers in Schulze’s labora- 

tory separated the characteristic compound whose properties Poster- 

nak later described2 The free acid obtained by Patten and Hart is 

a thick, transparent liquid of yellowish-brown color. It is readily 

soluble in water and alcohol, and has a sharp acid taste. Its alkali 

salts are freely soluble in water; the calcium and magnesium salts 

are somewhat soluble in water, the barium and strontium salts 

sparingly soluble. The free acid is tetrabasic, and forms two 

salts: one normal, the other an acid salt. Heated with concentrated 

mineral acids, it is broken up quantitatively into inosit and phosphoric 

acid, according to the following equation : 

3 CaH,Ps0, + 3 HO =(CHOH), + 6 HsPOs 

Strong solutions of the acid are quite stable, and do not show the 

presence of phosphoric acid after keeping for many days.* 

The compound just described, containing over twenty-six per cent 

of phosphorus, is of interest physiologically, because it occurs as a 

constituent of the food of both man and animals. Through the 

co-operation of Mr. E. B. Hart, we have attempted to supplement 

the extensive investigation conducted at the New York Agricultural 

Experiment Station (Dr. W. H. Jordan, Director) on the réle of this. 

phosphorus compound in metabolism. Commercial phytin has lately 

been introduced into medical practice with somewhat extravagant 

claims which demand careful experimental verification.!. The investi- 

gations of R6hmann and his pupils® have suggested that the phos- 

1 PperrerR: Jahrbiicher fir wissenschaftliche Botanik, 1872, viii, p- 147: 

2 PaLLApIN: Zeitschrift fiir Biologie, 1894, xxxi, p- 199; SCHULZE and WIN- 

TERSTEIN : Zeitschrift fiir physiologische Chemie, 1896, xxii, p- 99; WINTERSTEIN : 

Berichte der deutschen chemischen Gesellschaft, 1897, XxX, P- 2299- 

8 According to a personal communication from Mr. E. B. Hart. 

4 Thus LoEWENHEIM: Berliner klinische Wochenschrift, 1904, p- 1221, hails 

phytin as “das machstigste Anregungsmittel des Stoffwechsels, das die Medizin je 

zur Verfiigung gehabt hat.”’ 
: 

5 ROHMANN: Berliner klinische Wochenschrift, 1898, No. 36; MARCUSE: 

Archiv fiir die gesammte Physiologie, 1897, Ixvii, p. 373; STEINITZ: Tbid., 1898, 
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phorus of compounds, like casein and vitellin, is retained in the 

organism better than corresponding quantities of inorganic phosphate 

fed with ordinary proteids. Similar conclusions are afforded by the 

studies of Cronheim and Miiller! on growing children. It must be 
admitted, however, that the conditions determining the metabolism of 

phosphorus componnds are still too imperfectly understood to permit 

such satisfactory generalizations as apply in the case of nitrogen and 

some other elements.” This is likewise true of the present signifi- 
cance of lecithins and other organic phosphorus compounds. 

The experiments of Gilbert and his collaborators? indicate that in 

the case of the dog, rabbit, and guinea-pig the salts of anhydro- 

oxymethylene-diphosphoric acid are scarcely toxic when administered 

per os. Fatal results followed doses of 50 mgm. per kilo, given in- 

travenously ; 200 mgm., intraperitoneally ; 2500 mgm., subcutane- 

ously; and 9500 mgm. per os. Sécheret claims that the proteolytic 

enzymes of the alimentary tract do not alter the acid in vitro; and 

he concludes that it is probably transformed by the intestinal epithe- 
lium, so as to be finally excreted as inorganic phosphoric acid. The 
acid is not a protoplasmic poison; it does not check the growth of 
the Eberth- or tubercle bacillus or Penicillium. Finally, Sécheret 

states that small doses of the salts of the phospho-organic acid, taken 

per os in man, induce an increased excretion of nitrogen by stimu- 

lating tissue metabolism and simultaneously effecting an increased 

retention of phosphorus in the body. Without reviewing the purely 

clinical reports * which have been published, reference may be made 

to the observation of Scofone® that phytin phosphorus is well ab- 

Ixxii, p. 75; ZADIK: /éid., 1899, Ixxvii, p. 1; LEIpziGER: Inaugural Dissertation, 
Breslau, 1899; Eurticu: Inaugural Dissertation, Breslau, 1900. 

} CRONHEIM and MULLER: Zeitschrift fiir diatetische und physikalische 
Therapie, 1903, vi. 

* Cf., for example, the conclusions reached in Tigerstedt’s laboratory, espe- 
cially ExrstROm: Skandinavisches Archiv fiir Physiologie, tg04, xiv. ‘The litera- 
ture on the metabolism of phosphorus has recently been briefly reviewed by ALBU 
and NeuBERG: Physiologie und Pathologie des Mineralstoffwechsels, Berlin, 
1906, p. 134. 

§ GILBERT and PosTERNAK : La médication phosphorée, Paris, 1903: GILBERT 
and LippMANN: La presse médicale, Septembre, 1904; G. SECHERET: These 
de Paris, 1904. We have seen an abstract of the last paper only, in the 
Jahresbericht fiir Thierchemie, 1904, xxxiv, Pp. 729. 

* £ .g, | ORWENHEIM : Berliner klinische Wochenschrift, 1904, p- 1221; Furst: 
Centra blatt fiir Kinderheilkunde, 1904, Heft 11; DAMBRE: Contribution l'étude 
de la médication phosphorée. La Phytin. Thése de Toulouse, 1905. 

5 SCOFONE: Abstract in Biochemisches Centralblatt, 1905, ili, p- 606. 
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sorbed, being excreted again in good part as earthy phosphate in 

the urine. Giascosa? has also noted that phytin does not reappear as 

such in the urine; neither could its decomposition product inosit be 

detected. 

The most exhaustive study of phytin yet published was undertaken 

by Jordan, Hart, and Patten.2. Their observations, which formed the 

immediate occasion for the present experiments, will be reviewed 

below. 
EXPERIMENTAL PArt.® 

The product used in the present study was a solution containing 

28.9 per cent of the free acid C,H,P,O,, according to analyses by 

Mr. Hart, who sent it to us for investigation.* 
; 

Bacteriological tests. —It was soon observed that solutions of the 

acid, made neutral to litmus with sodium hydrate, speedily show the 

presence of an abundance of micro-organisms, unless antiseptic pre- 

cautions are taken. This led us to suggest a bacteriological exami- 

nation of the solutions of the acid itself®> Examined in various ways, 

serobically and anzrobically, in plate cultures, with peptone, and on 

agar, the stock solution was always found to be sterile, without 

aseptic precautions being observed in preserving it. The germicidal 

properties of the acid solution were investigated as follows: Tubes 

1 Gracosa : Abstract in Biochemisches Centralblatt, 1905, iv, p- 572. 

2 JorDAN, Hart, and PATTEN: American journal of physiology, 1906, XVI, 

p- 268. 

8 The writers are indebted to Director JORDAN and Mr. E. B. Hart for the 

opportunity to undertake these studies; and they acknowledge the co-operation of 

Mr. O. E. Cosson in several of the experiments. 

4 Inasmuch as the same sample furnished the material used throughout all 

our trials, a portion of the unused solution was examined after more than a year,to 

ascertain whether decomposition had taken place with liberation of free phosphoric 

acid. Owing to the similarity in solubility of the salts of the organic and inorganic 

acid, the problem is a difficult one. Following Mr. Harvt’s suggestion that if 

hydrolysis has taken place and phosphoric acid is present, the other product will 

be inosit, we have removed the preformed phosphoric acid and phytin acid with 

barium hydrate; the excess of the barium was precipitated with carbon dioxide, 

and after concentration the filtrate was treated with alcohol and ether for the sep- 

aration of inosit. Since nothing was obtained by this process, the entire fluid was 

evaporated to dryness, and the insignificant residue tested for inosit by Scherer’s 

test with negative results. This accords with similar experiences of Mr. HART; 

it seems unlikely, therefore, that the organic product had been materially altered 

during the course of our investigation. 

5 The bacteriological tests were conducted by our colleague, Professor RETTGER, 

and Mr. CLOSsSsON. 



Physiological Action of Phytin Acid. 79 

of bouillon medium were prepared so as to include varying proportions 

of the free acid C,H,P,O,. These tubes, as well as control tubes 

without any of the acid, were inoculated with B. col? communis or 

B. subtilis. The results are given below: 

B. coli communis. B. subtilis. 

4 mol. CgH,P.0g, sterile. ps mol. C,HgP20y, sterile. 

gy mol. CoH,P.0y, slight growth. #s mol. C,HgP.0g, slight growth. 

Acid-free control, abundant growth. Acid-free control, abundant growth. 

Again to 10 c.c. portions of nutrient peptone, ,1) ¢-C., 5 C.C-, and I c.c. 

of the stock solution (28.9 per cent C,H,P,O,) were added in dupli- 

cate, and the tubes then inoculated with B. cold communis. The 

trials were made in both zrobic and anzrobic culture. The tubes 

containing ,!; c.c. alone showed a doubtful trace of bacterial growth. 

Injection trials. Subcutaneous injections. — 1. A rabbit weighing 2.3 kilos 

received a subcutaneous injection of 21 c.c. of a solution containing 219 

mgm. of the phospho-organic acid neutralized with sodium hydrate, z. e., 

g2.8 mgm. per kilo, without showing unusual symptoms of any sort. 

2. A dog weighing 7 kilos (see metabolism trial below) received repeated 

subcutaneous injections of the acid neutralized with sodium hydrate. 

The doses ranged from 1} to 4 gm. (calculated as the acid) dissolved in 

20 to 30 c.c, of water. Aside from local irritation produced by the largest 

dose, no toxic symptoms were noted. 

Intraperitoneal injections. — 3. A rabbit weighing 1.38 kilos received an in- 

traperitoneal injection of ro c.c. of a solution containing 289 mgm. of the 

acid (210 mgm. per kilo) as the sodium salt. One and one-half hours 

later a second injection (19 c.c.) of a similar neutral solution containing 

4oo mgm. acid per kilo was given. No untoward effects whatever were 

noted. - 
4. The cat previously used in Experiment 6, below, five days later re- 

ceived an intraperitoneal injection (38 c.c.) containing 570 mgm. of the 

acid (as sodium salt) per kilo. Aside from slight nausea, no toxic symp- 

toms were noted. 

5. The only untoward symptoms observed after intraperitoneal injection 

were seen in the case of a puppy weighing 1.1 kilos which received 18 

c.c. of a solution containing 474 mgm. of the acid (as sodium salt) per 

kilo. The animal was attacked with vomiting and diarrhoea, but soon 

recovered. On the next day similar, though less intense, transitory 

symptoms followed the injection of 606 mgm. of the acid (as sodium 

salt) per kilo. 
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olism of phosphorus, we have conducted a series of trials with the 
wheat bran acid on a bitch. The animal was maintained on a con- 

stant diet consisting of 

Calories 
Btropens (estimated). 

| : ; gm. 

Hashed meat, 72 gm. .. . s 5 90 

Cracker meal, 76gm. . . . : ; 300 

Lard, 14 gm. 

Total 

The urine was collected in daily periods by the use of a catheter. 

Nitrogen analyses were made by the Kjeldahl-Gunning method. 

Phosphorus was determined by Neumann’s moist combustion method ! 

in the food and feces; and in the urine, by titration with uranium 

solution after numerous comparisons of the two methods had shown 

a close agreement. The faeces were marked off by the use of 
lamp black and analyzed in corresponding periods. 

A study of the analytical data summarized in the following table 
fails to reveal any constant effect upon the metabolism of nitrogen 
produced by large single doses of the sodium salt administered per os 
or subcutaneously. Two experiments in which sodium phosphate 

(HNa,PO,) was injected subcutaneously are introduced for compari- 

son. The excellent utilization of nitrogen is in no way altered by the 

compounds studied. The nitrogen balance is favorable throughout 

except in those periods in which the subcutaneous injections were 

made. Here, however, the greater disadvantage lies with the inor- 

ganic phosphate. The phosphorus balance is likewise favorable, and 

shows a considerable storage throughout the entire period, indepen- 

dently of the phosphorized compounds used. They failed therefore 

to exert any marked influence upon these features of metabolism 

under the conditions of experiment observed. What specific effects, 

if any, might be elicited by long-continued feeding cannot be foretold 

from such data. Upon this point we refer to the very comprehensive 

1 NEUMANN: Zeitschrift fiir physiologische Chemie, 1902, xxxvii, p. 115; 1904, 

xliii, p. 32. 
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investigation of Jordan, Hart, and Patten! on cattle at the New York 

Agricultural Experiment Station. Their plan consisted in feeding 

the same animal rations differing greatly in the amount of phospho- 

rus which they supply. The ration low in phosphorus was prepared 

by removing the phytin from wheat bran, untreated whole wheat bran 

being used in the companion experiments. It is impossible to review 

in detail the numerous interesting observations. They noted that 

the amount of outgoing phosphorus rose and fell with the quantity 

supplied in the food, though within narrower limits. When the 

phosphorus supply was abundant, there was a storage of this element. 

No relation appeared to exist between nitrogen excretion and phos- 

phorus elimination. With these observations our own experience is 

in substantial accord. 

Another point, however, calls for more extended reference. Jordan, 

Hart, and Patten found that through katabolic changes the phosphorus 

of the phytin and that of the unused digested nucleoproteids was re- 

duced to ixorganic combinations, and was excreted chiefly in the 

feces, though to a small extent in the urine. The organic phos- 

phorus bodies of the egesta were little affected, if at all, by the 

proportions of phosphorus compounds in the food, the rise and fall in 

the outgoing amounts occurring almost entirely with the inorganic 

salts found in the excreta. Our own experience with the sodium salt 

of C,H,P.0, corresponds with the preceding in indicating a practi- 

cally complete conversion of the phosphorus of the organic compound 

into inorganic phosphate. At any rate we have concluded that it 

was excreted in this form because of the agreement between the 

figures obtained by direct titration of the urine and those furnished 

by the Neumann method. Jordan, Hart, and Patten came toa similar 

conclusion because they were entirely unable to separate phytin or 

other organic forms of phosphorus from the urine. Scofone? and 

Giacosa* report the same outcome. Our experiments on the dog 

differ notably, however, in one respect from those obtained with cows. 

The phosphorus was eliminated almost entirely by way of the kidneys. 

The response in the urine to the increased ingestion of phosphorus 

compounds was speedy, rarely being prolonged beyond the day of 

1 JorDAN, Hart, and PATTEN: American journal of physiology, 1906, xvi, 

p. 268. 

2 ScoFONE: Loc. cit 

8 GracosaA: Loc. cit. 
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administration, 7. ¢., no marked “Jag” in the urinary excretion of 
phosphorus was noted.! 

The path of elimination for phosphorus compounds has been the 
subject of considerable controversy. It has been noted, particu- 

SUMMARY OF EXPERIMENTS ON A RApBIT. 

Composition of urine. 

= Remarks. 

Nitrogen. P,O;.- 

gm. 

0.80 

0.67 

0.87 

0.79 Is Neutral solution C,H,P,0, =0.37 gm. P.O; 
given through stomach tube. 

0.06 

0.65 

0.91 

0.98 : Ditto = 0.37 gm. P.O;. 

0.81 

0.89 

0.76 : Ditto = 0.37 gm. PO; given subcutaneously. 

0.64 

0.72 

0.72 : Solution of Na,HPO, = 0.33 gm. P,O; given 
subcutaneously. 

0.49 

larly in herbivora, that the intestine may play a preponderating réle 
in this respect. The discussion of this question must be reserved 
for a subsequent paper. It will suffice to point out here that in the 
present experiment the gut has not co-operated noticeably in the re- 
moval of the excess of phosphorus — in contrast with the observations 
on cows. We have also studied the path of elimination in an herbiv- 
orous animal, — the rabbit, — after introduction of solutions of the 
neutralized wheat brand compound. The animal was fed 300 gm. 

1 On the “lag” in phosphorus excretion cf SHERMAN and Hawk: American 
journal of physiology, 1900, iv, p. 25; HAWK: /éfd., 1903, x, p- 15; HAwk and 
CHAMBERLAIN : 1903, x, p. 269. 
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of carrots, and the urine expressed at a fixed hour daily, by pressure 

on;the bladder. 

It is evident from these data that in rabbits also the phosphorus 

of the phospho-organic compound may be speedily eliminated 
in the 

urine, precisely as occurs when sodium phosphate is administered. 

The place of introduction did not alter this. 

Laxative effects of C.H.P.0>- Experiments. — In a rabbit a dose of 2.3 

gm. C.H,P2Os per kilo, administered as a sodium salt through a stomach 

sound, failed to produce any purgative effect whatever. With dogs the 

results were variable. A bitch weighing 8} kilos was kept under observa- 

tion in a metabolism cage and fed upon bread and meat twice daily. 

This diet afforded fairly well-formed feeces. At intervals solutions of the 

acid (as the sodium salt) were given per OS, and frequent observations 

were made on the quantity and character of the stools. Protocols 

follow : 

May 16-20. Normal diet. Well-formed faces daily. 

May 21. 5.8 gm. CyHgP209 fed in two doses. Diarrheal stool. 

May 22. Ditto, single dose. Diarrheal stool. 

May 23. Normal diet. No faces. 

May 24. 2.9 gm. CoH gP20y fed. Diarrheal stool. 

May 25. Normal diet. Svight diarrheal stool. 

May 26-29. Normal diet. The faeces regain their normal consistency- 

In order to compare the effect of sodium phosphate, to the formation of 

which this laxative action might be attributed at first glance, solutions of 

the inorganic phosphate were administered per os. The equivalent doses 

are: 8.7 gm. HNa,PO,* 12 aq: = 0.755 gm. P= 2.9 gm- C,H,P2035- 

May 30. About + gm. sodium phosphate fed. Moderately soft stool (?) 

May 31. Normal diet. Feces normal. 

June 1. 8.7 gm. sodium phosphate fed. Laxative effect very Soon. 

June 2. 9 gm. NaC] given in solution. Vomiting. No purgative effect. 

June 3. Normal diet. No faces. ‘ 

June 4-6. CoHsP20o given as above, but in small portions, at intervals. No 

purgative effects. 

June 7. 2.9 gm. CoH gP20o given in a single dose. No purgative effect. 

Another dog of 19 kilos body-weight, similarly fed, was given 5-5 gm. 

C,H,P.0, (as the sodium salt) without effect. An additional dose of 

7.2 gm. on the next day provoked a diarrhoeal discharge. Two days 

Jater 17 gm. HNa,PO, (equivalent in phosphorus content to about 5.8 

gm. C,H;P,0,) were similarly administered in solution without any 

pronounced purgative effect within the following ten hours. Later soft 

feces were discharged. 

In the metabolism experiments reported above, with the doses there 
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employed no laxative effects were noted except on one day (November 

18), when the largest single dose of the phytin acid was fed. 

From their experiments on cattle, Jordan, Hart, and Patten con- 

clude that phytin exerts a distinct laxative effect, because its with- 
drawal from the ration usually was attended with marked constipation. 

Our experience with the sodium salt of C,H,P,O, in experiments on 

the dog and rabbit is not so uniformly in accord with this. Several 
distinctive features should, however, be borne in mind. We have 

already shown above that the path of excretion for the metabolic 

products of C,H,P,O, does not directly involve the intestine in all 

animals, a fact which may have a bearing on the production of pur- 

gative reactions.! Again, the salt fed by us differed from the natural 
phytin in the character of the bases present; and, finally, our trials 

were made with single doses and are perhaps not strictly comparable 

with prolonged feeding trials. It should be noted that investigators 

are by no means agreed regarding the effects of the saline purgatives- 

Conditions arise in which pendular movements of the intestine may 
be increased without purgation, the two phenomena remaining 

essentially distinct.? 
It might be objected that the easily digested ration employed by us 

offers relatively small food residues and is therefore poorly adapted 

for such experiments. In view of the statement that phytin is not 

decomposed by alimentary enzymes, one must hesitate to ascribe the 

supposed laxative effect to soluble phosphate developed in the intes- 

tine. With so large a number of complicating factors further ex- 

periments in this direction seem unpromising. Perhaps trials with 

phytin itself will furnish more convincing evidence. 

SUMMARY. 

A solution of anhydro-oxymethylene-diphosphoric acid, the acid 
radical of phytin, prepared from wheat bran, appears to be quite 

stable. When present in sufficient concentration, the acid in- 

hibits the growth of bacteria. The salts of the acid are not noticeably 

bactericidal. 

Comparatively large doses of the phospho-organic acid, used as the 

sodium salt, can be introduced into animals either per os, subcu- 

1 On this point ¢{ Menpet and THACHER: American journal of physiology, 

1904, xi, p. 15; MENDEL and SIcHER: /é/d., 1906, xvi, p. 151. 

2 Cf. AUER: Proceedings of the society for experimental biology and medicine, 

American medicine, tg06, p. 33. 
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taneously, interaperitoneally, or intravenously, without unfavorable 

effects. The free acid is more toxic. 

No marked or immediate characteristic effects of the sodium salt 

upon general health or nitrogenous metabolism have been observed. 

The compound is readily absorbed and speedily transformed within 

the organism. Its phosphorus reappears in the excreta as inorganic 

phosphates. No constant relation between the metabolism of nitro- 

gen and of phosphorus was observed. In these details our experience 

with the dog corresponds with the observations of Jordan, Hart, and 

Patten after feeding phytin to cattle. Our results differ in showing 

that in both the dog and rabbit the excess of phosphorus was almost 

entirely eliminated through the kidneys rather than in the faeces. 

This may have an important bearing on the possibility of producing 

laxative effects with phytin. 

In our experimental animals purgative action could not be con- 

stantly provoked. Very large doses were frequently effective. No 

permanent generalizations can be drawn from the observations made 

on this point. 



THE RELATION OF IONS TO CONTRACTILE PRO- 

CESSES. —I. THE ACTION OF SALT SOLUTIONS 

ON THE CILIATED EPITHELIUM OF MYTILUS 

BDULIS: 

By RALPH S. LILLIE. 

[From the Marine Biological Laboratory, Woods Hole.] 

I. INTRODUCTION. 

HE following paper describes the results of part of a comparative 

investigation on the relation of ions to contractile processes in 

animal tissues. The present study was begun in the summer of 1904 

at Woods Hole with the aid of a grant from the Carnegie Institution, 

and has been conducted chiefly at the Marine Biological Laboratory, 

partly at the Zodlogical Station in Naples. I have thought it desira- 

ble to study the phenomena of ciliary movement in some detail, since 

this appears to be the most primitive, as it is the most widespread, 

form of specialized contractile activity; the fundamental processes 

concerned in any form of contractility with a fibrillar basis are there- 

fore likely to be found in this tissue in a relatively simple and un- 

modified form. 

The present study, apart from its special relation to contractility, 

has brought to light many facts bearing on the more general prob- 

lems of the relation of the electrolytes in cells and tissues to physi- 

ological processes. These facts tend strongly to confirm the view 

that the physiological action of the salts is due chiefly, if not en- 

tirely, to the ions resulting from their dissociation, and that anions 

and cations have in general opposite action on the tissue, this action 

consisting largely in effecting changes in the aggregation-state of the 

colloids of the cell.!’ The contractile activity itself is in all likelihood 

due to changes of this kind.?, Other physiologically important pro- 

1 Cf. GREELEY’s paper on the protoplasm of Parameecium and the action 

of electrolytes in changing its physical structure. Biological bulletin, 1904, vii, 

py P17: 
2 Cf. my paper on the relation of coagulative changes to contractility in the 

Ctenophore swimming plate. This journal, 1906, xvi, p. 117- 
89 
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cesses, as alterations in the water-content of the protoplasm and the 

related phenomena of absorption, changes in the permeability of the 

cell membranes, etc., appear to be similarly conditioned. My results 

also indicate that the injurious action of pure solutions of many salts 

(as sodium salts) depends largely on their producing alterations in the 

colloids of the tissue, due to the preponderating action of one or other 

of the oppositely charged ions of the salt. The so-called ‘“‘antitoxic ue 

action, by which this injurious action is diminished or removed by 

the addition of certain other salts to the pure solution, is due appar- 

ently to an approximate equalization of the opposite actions of anion 

and cation by the introduction of physiologically active ions of a sign 

opposite to that of the prepotent ions in the toxic solution. An 

approximately balanced condition of the opposite ion-actions is thus 

secured; hence the restoration of favorable conditions, or the “anti- 

toxic” action. Considerable space is thus devoted below to a con- 

sideration of the changes due to direct action of the ions on the 

colloids of the cell; the phenomena of swelling and of coagulation 

resulting from such action are seen to have a definite influence on 

the physiological activity of the cell, and antitoxic action is shown to 

consist largely in the counteraction of these changes in the colloids. 

The differences between the physiological activities of the various 

ions, and the relation of these differences to the physico-chemical 

characteristics of the ions — migration-velocity, sign and number 

of charges, detachability of charge (decomposition tension ) —are also 

considered at some length. 

II]. MertrHopD OF EXPERIMENTATION. 

The ciliated epithelium of the gill flaments of Mytilus edulis, the 

common mussel of the North Atlantic coast, was the tissue used in 

most of the following experiments. The specimens of Mytilus were 

in almost every instance collected on the day of the experiment, since 

the animals undergo a somewhat rapid deterioration if kept in the 

running water of the laboratory. The gill lamellz are removed with 

scissors, cutting close to the base of attachment; the component gill 

filaments may then be easily separated from one another by a pair of 

needles. Each gill lamella is composed of a large number of long 

filaments with opposed flat faces kept in loose connection by tufts 

of short interlocking cilia (filibranchiate gill structure); there is thus 

no fusion of adjacent filaments as in the higher mollusca, and the 
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filaments are easily separable from one another without injury. Such 

isolated filaments are usually about a centimetre in length, and from 

one-third to one-half milimetre in average breadth across the opposed 
faces. They broaden slightly at their tips; the extremity of each 

exhibits a bay or indentation, so that along the free border of the 

lamella formed by the numerous closely applied filaments runs a well- 

defined groove with rounded borders. 

The outer surface of each filament is covered by a columnar ciliated 

epithelium. The cilia are almost uniform in length along the outer 

surface of each lamella, except at the margin of the above described 

groove, where they are longer than elsewhere, and in the interior of 

the groove, where they are several times shorter than over the general 

surface. The direction of the effective beat is from above downward 

(dorso-ventrally) along both surfaces of each lamella, and from be- 

hind forward (2. ¢., toward the mouth) along the margins and in the 

interior of the groove. 

Filaments thus isolated may be kept in sea water, in which they 

remain active and unaltered for an indefinite length of time. Micro- 

scopic examination for the purposes of the following investigation was 
made in watch glasses under a magnification of fifty to seventy-five 
diameters. - In experimenting with a series of solutions my usual pro- 

cedure has been as follows: a large number of filaments are first of 

all isolated and kept in watch glasses with sea water. Several fila- 

ments are then transferred by forceps to a clean dry watch glass, the 
filament being grasped at one extremity and removed from the sea 

water in such a manner as to be freed of all but a very thin layer of 

adhering sea water. The previously prepared solution (e. ¢., 4% NaCl, 

etc.) is then added to the watch glass in measured quantity (usually 

10 c.c.), and the time of addition is noted. Examination may then 

take place; or the procedure may be immediately repeated with the 

next member of the series of solutions, and so on. If the filaments 

are transferred to the successive members of a series of solutions at 

regular intervals (e. g., of one minute), and the subsequent examina- 

tions take place at corresponding intervals, all the solutions are 

examined at equal intervals of time after the addition of the filaments. 

This has been the usual practice with series containing a large num- 
ber of solutions. In order to minimize error arising from variations 

in the tissue, I have made use in every such series of filaments taken 
from a single animal. 
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Ill. Acrion oF PuRE SOLUTIONS OF Various SALTS. 

Several preliminary determinations were made with pure 3 solu- 

tions of ‘the alkali chlorides LiCl, NaCl, NH,€), and KCl on the gill 

filaments of three other species of bivalve mollusk: Pecten irradians, 

Venus mercenaria, and Mya arenaria. In all these animals the rela- 

tive favorability of the four salts was the same as with Mytilus, and 

seems indeed, so far as my observations extend, typical and charac- 

teristic for the cilia of marine organisms in general. In pure $7 

LiCl and NaCl movement ceases either instantly or within a few 

minutes (sooner in zm LiCl); in 3 NH,Cl movement is decidedly 

more active and lasts much longer, —at least half an hour, — while 

§ m KCl shows the favorable action so typical of solutions of K-salts, 

movement lasting for several hours. The same order of increasing 

favorability — Li, Na, NH,, and K_—is seen in Mytilus. Since the 

four genera are from widely different and representative orders, the 

presumption is that this condition holds true at least for the gener- 

ality of marine mollusca, if not of marine animals. Experiments 

with pure $7 solutions of alkali earth chlorides showed a similar 

general resemblance to the conditions met with in Mytilus. Rela- 

tively few experiments were made with the above forms, and the 

remainder of the following investigation relates exclusively to Myti- 

lus, which is especially favorable on account of the structure of its 

gills and the ease with which the animals may be obtained at all 

periods of the year. 

Sodium salts. The action of pure solutions of the following 

sodium salts! in * m and 7% concentration was tested on the gill 

filaments of Mytilus: NaF, NaCl, NaBr, NaI, NaClO,, NaNO, 

NaNO,, NaCNS, NaBrOs, NaCOOCHs, Na,SO3; Na,SOj, Na,S.O3; 

Na,C,H,O,, Na,;C,H;0;, Na,HAsO,, Na,HPO,, Na,Fe (CN). 7 In 

every instance ciliary movement, which at first often shows con- 

siderable activity, becomes rapidly slower, and asa rule is found to 

have entirely ceased after fifteen minutes; the great majority of cilia 

are arrested within a much shorter period. Occasionally filaments 

have been seen in which a few cilia have continued movement in 

” NaCl for so long as thirty minutes ; this is exceptional, the rule 

being rapid arrest. The more powerfully acting salts (Nal, NaBrOs, 

1 The salts used in the investigation were in nearly all instances Kahlbaum’s 

purest preparations, and the concentrations were standardized in the case of deli- 

quescent salts like CaCle, MgClo, etc. : 
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NaCNS) produce a partial liquefaction of the ciliary substance similar 

to that seen in Arenicola larva in pure 4 NaCl ;1 the cilia of Mytilus, 

however, undergo this change less readily than those of Arenicola. 

Thus pure solutions of a// sodium salts produce a rapid arrest of 

movement. The different salts act with unequal degrees of rapidity ; 
the short duration of the movement makes it difficult to range the 

salts (or their anions) in the order of their toxicity; this can be done 

better with salts of ammonium or of potassium in whose solutions 

movement continues far longer. Nevertheless it is readily observed 

that in solutions of sodium salts whose anions have markedly toxic 
properties (as NaF, NaCNS, NaBrO,, Na,HAsO,, Na,SOsg, etc.: see 
below) movement is arrested distinctly more rapidly than in solu- 

tions of NaCl, NaNOs, Na, tartrate, where the anions are relatively 
non-toxic. 

Potassium salts.—In pure solutions of almost all potassium salts 
movement is from the first remarkably active and energetic, exhibit- 
ing a peculiar rapid vibratory quality absent in other solutions; 
vigorous activity may continue for many hours in solutions of salts 
with non-toxic anions. The following table summarizes a number 
of observations made with solutions of various potassium salts; the 
times given represent the maximum observed duration of movement 
in % solution. 

TABLE I. 

1M . Maximum observed duration of movement 
am Sale: in each experiment. 

SH rs) mia Oiish4a mies 1 ms 

Gir ee sy thes, 24 hes 19¢h:s 7 

Gites a4 40h. 25m: 6 ho 2 

Se es - « ca. 40m.; 14m.; 2h. 40 m.; 1h. 52m. 

eh @ne . cree ae ot Hs eOumys (5) he 45m. 

KEIO; so =. 26h\s 4h. 40'm- 

RCOOGH. 2 2 2iho 17 h. 

KeGNS ee, evecS mnest5 mes 2m: 

K,SO,. . . . 4h.18m.; 5h. 45 m+. 

K,C,0,  . . . 2h.18m.; 54m.; 2h. 40m.; 2h. 44m. 

K,C,H,O, . . 4h. 16m.; 5h. 44m. +. 

KsHPO, . . . 9m.; 18m. 

Ko AsSQOp.) 3.2 Bim; 2im¢; Fim. 

K;C,H;O, . . 4h.10m.; 5h. 45m. 

K,Fe(CN), . . 1h.53m.; 30m. +; 2h. 44m. 

1 This journal, 1904, x, p. 419. 

* The + sign indicates that the movement was sufficiently active at the last ob- 
servation to continue for a considerable period longer, —¢. ¢., probably some hours 
if the previous duration of movement had been for several hours. 
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It will be seen that in all but the solutions with the more toxic 

anions (KF, KI, KCNS, K,HAsO,, K,HPO,, K,C,04, K,Fe(CN),) 

movement continues for many hours. Even in # KI, UAE AO) and 

K,Fe(CN),, salts of considerable toxicity, movement may last for two 

or three hours, —far longer than in the least injurious solutions of 

sodium salts. The contrast with the sodium series is striking through- 

out; the potassium ion appears for some unascertained reason to be 

strongly favorable to ciliary movement, this has been observed in 

numerous other instances.!_ The explanation of this striking contrast 

between the salts of two such closely related metals is unknown. 

Rubidium and cesium bear a marked resemblance to potassium in 

their relation to this form of protoplasmic activity. Lithium, on the 

other hand, resembles sodium. It seems probable that the favorable © 

action of potassium, rubidium, caesium, and ammonium is correlated 

with their relatively high ionic velocity. 

Ammonium salts occupy an intermediate position in their relation 

to ciliary movement; movement is vigorous at first and lasts for a 

considerable length of time. The following table gives the observed 

maximum duration of movement in solutions of a number of ammo- 

nium salts : — 
TABLE Il. 

Salt. Maximum observed duration 
of movement. 

NPSL Gag a ao oF Hub are 45 m. 

Rizvi eio aa cmon BMibars 3h. 45 m. 

NH,NO,; ...- - 2h} 3h. 45 m. 

(NEA).SO} Ge oo assp She 

(NH,),C,H,O, . - - Sh3 6h; 4h 30 m. 

(NH,),HPO,. . - . 3m; <9m. 

(NHy),CoH;0; - - - Sm 9m. +. 

Since the potassium ion has such remarkable action in sustaining 

ciliary movement, we may regard the above varying results with 

solutions of the pure salts as furnishing a certain indication of the 

relative toxicities of the various anions in relation to this form of pro- 

toplasmic activity. The following then appears: fluoride is rapidly 

destructive. Chloride, bromide, and iodide show increase of toxicity 

1 Cf. my paper on Arenicola; Loc. cit. ; also This journal, 1902, vii, p. 25; LOEB: 

This journal, 1900, ili, pp. 327; 383. KCl also sustains ciliary movement in Me- 

tridium, where it also induces reversal of stroke; NaCl] appears more favorable in 

this form than in the animals I have studied. Cf Parker: This journal, 1905, 

xiii, p. I. 
: 
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with increase of molecular weight, or with decrease of decomposition 

tension of the anion. Acetate and chlorate are similar to chloride, 

and arrest movement only gradually. Nitrate is like bromide in 

being somewhat less favorable than chloride. Sulphocyanate is rap- 
idly destructive of ciliary movement. The above are monovalent 
anions, and their relative toxicities are probably fairly accurately 

represented as above, since their concentrations in the above solutions 
are almost alike. Sodium sulphate in dissociating yields partly the 

bivalent SO,, and partly the monovalent NaSOy, anions; tartrate 
undergoes an analogous dissociation. Both these salts resemble the 

nitrate and bromide in their general action. Oxalate is more toxic 

than either. Citrate is in general more toxic than tartrate ; this is seen 

also with sodium salts, and appears more clearly in the experiments 

below on antitoxic action (p. 104). Phosphate and arsenate are both 

more toxic than the citrate; the presence of trivalent anions in these 

last three solutions may account for a portion of the toxicity, though 
this consideration fails to explain the more favorable action of the 

citrate. It is somewhat surprising to find that movement, which at first 

is active and apparently normal, may continue for so long as two or 

three hours in the solutions of ferrocyanide. This fact, and also the 

relatively slow action of potassium oxalate solutions, illustrate in a 
striking manner the specific favorability of potassium salts (inferen- 

tially of the K-ion) toward ciliary movement. 

A further index of the relative toxicity of the various anions is 

seen in the varied susceptibility of the different sodium salts to the 

antagonizing or antitoxic action of salts of bivalent metals, especially 

of magnesium, Later a further comparison of relative toxicities will 

be made with these latter facts as a basis. The results of these two 
independent methods of determination agree very closely (see p. 107). 

A further peculiarity of potassium salts is the fact that cilia will con- 

tinue activity for long periods of time in strongly hypertonic solutions 

of the pure salts. Thus in 4? s solutions of the following salts, 

KCl, KBr, KNO,;, KCOOCHs, movement lasted for more than an 
hour in each instance, and in m-solutions of these salts and also of 

KI, K,C,O, and K,C,H,O, active movement lasted for even longer 
periods, —in the case of the less toxic salts for several hours. 

Rubidium and czsium chlorides show a decided similarity to 

potassium chloride in this respect as well as in their general action. 

The following solutions were tested : — 



bw 

& 

mn 

wn 

wn 

and disint 

CsCl.in the solution employed, made from 

m RbCI, 3.34, Aug. 17, 1904. 

yo 7 RbCl, 3.35. 

fy 7 RCI, 3.36. 

io 77 RbCl, 3.37. 

. tm RbCl, 3.38. 

m CsCl, 3.48, Aug. 17. Movement is well marked at S005 

85 me CsCl, 3.49. 

tio 7 CsCl, 3.50. 
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TABLE III. 

RupipiuM CHLORIDE. 

‘Trembling movements of cilia begin to appear at 3.41. 

At 4.03 movement is active and energetic; has almost ceased 

at 6.27 (3 2.). 

Active movement at 3.42; continues longer than in Solution 1 

cilia are fairly active at 6.28 (3 h.). 

Active movement ; more favorable than Solution 

(8 2. +) 

Like Solution 3, but rather less favorable ; swelling and detachment 

of cells are more marked ; movement is fairly active at 6.30 

(3 4. +). 
Activity is less than in Solution 4, and swelling is more marked ; 

cilia have almost ceased at 6.31 (3 4.)- 

2; active at 6.29 

CstuM CHLORIDE. 

though slower than in 

m RbCl. At 4.16 only a little slow movement remains; has 

ceased by 5.02 (28 m.). 

Like Solution 1; movement is more active (28 m. +). 

Movement is active at 3.57; almost ceased at 5.05 ; ceased at 6.24 

(1h. 8 m.)2 

Fairly active movement, ceasing somewhat sooner than in Solution 3 

(ca. 1 h.). 

At 3.59 movement is Jess active than in Solution 4, and cells show 

considerable swelling ; almost ceased at 4.20 (28 m.). 

7, m solutions of RbCl and CsCl the cells rapidly swell 

egrate, and movement ceases in a few minutes. 

The action of RbCl seems thus closely similar to that of KCI. 

a supposedly pure prepa- 

ration of Merck, appeared less favorable than RbCl, though otherwise 

similar. 

just cited, 

order named ; 

lithium, whose salts in pure solution have almost no power 

Potassium, rubidium, and cesium, according to the results 

are thus decreasingly favorable to ciliary movement in the 

all three, however, differ markedly from sodium and 

of sus- 

taining ciliary movement. 

hours; ina 

2 In another experiment with 

movement lasted for more than two 

The difference between kK, 

Na and Li on the other shows an 

respective ionic velocities. 

NH, ions with a potential 

1 In 45 

NH,, Rb, Cs, on the one hand, and 

interesting relation to their 

The absolute velocities of the K and 

gradient of one volt per centimetre are 

m RbCl in another series of experiments movement lasted ca. seven 

third series for more than twelve hours. 

5 CsCl and filaments from another animal 

and one-half hours. 
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respectively .00067 and .00066, of Na and Li .000451 and .000347 
centimetres per second. Rb and Cs, according to Boltwood’s and 
Bredig’s determinations, have velocities almost identical with those 
of K and NH,.! These four cations have thus velocities about one 
and a half times greater than that of Na; the greater inertness of Li 
as compared with Na shows a similar relation to lower ionic velocity. 
The favorability of K, NH,, Rb, and Cs is thus apparently correlated 
with a high ionic velocity. Their ready penetration into the con- 
tractile tissue, as evidenced by the action of the above hypertonic 
solutions, is possibly also to be explained on this ground. 

Salts of the alkali earth metals.—JIn pure solutions of the alkali 
earth chlorides within a certain range of concentration ciliary move- 
ment may continue for very considerable periods. Calcium, barium, 
and magnesium chlorides in concentrations ranging from ,* m to 
io 7% permit movement to continue for many hours. Strontium 
chloride differs somewhat curiously and unaccountably from calcium 
chloride in that its pure neutral solutions quickly arrest movement. 
This action, however, is readily counteracted by tie addition of small 

TABLE IV. 

Mytilus edulis. 

yo m CaCly. Movement ceases at once. 
tom CaCl. 6h. 38 m.; 7h. 25 m.; 18h. 14 m.; 5h. 17m, +7; 4h.48m.; 4h. 43 m. 

18 m.; 8h. 46m. 
fom CaCl 30h. 26m.; 28h.; 23h. 25 m.; 6h. 27 m. + (no movement at next obser- 

vation, 24 h. later) ; 25 h. 22 m.; 19h. 50 m.; 19h. 22 m. 
tom CaCly. 30h. 26 m.; 33 h. 34 m. 

vo ™ MgClo. 40 m.; 2h. 37 m. 
tom MgClo. 3h. 25m.; 2h.; 4h.; 5h. 22m; 3h+; 5h. 19m+; Sh. 49m. 
vom MgClo. 2h.+; 4h. 44m.; 5h. 14m. ;5h.40m4+; 8h. 50m. 
vo MgClo. Sh. 50 m.; 4h. 44 m+. 

SrClo. (Movement always ceases within 30 m.) 
Yo SrClo. Ceased instantly in two cases observed. 
yo # SrCl. Om.; 8m.; 22m.; 12m.; 5m. 
fo SrClo. Om.; 29m.; 16m.; 25 m, ; 20m. 
vs” SrCly. 20 m. (one observation). 

Yo BaCly. 7h. 39m.; 1h.3 m. 
to” BaClo 7h. 39m.; 2h.4m.; 4h. 59m.; +h. 45 m. 
vo BaCl, 7h. 39m.; 5h. 13m.; 32m.; 1h.2m.; 30h. 25 m.; 19h. 38m. 
yy m BaCl,. 7h. 39m+; 13h. 56m. 

' Cf KonLRauscn’s tables. 
* The + sign indicates that movement at the last observation was sufficiently 

active to continue from one to several hours longer. 
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quantities of alkali, or of certain other salts with powerfully acting 

anions (KCN, NaBrO,, Na,HAsO,; see below, Tables XS 

XXIII). 

A large number of observations have been made at various times 

during 1904 and 1905, both at Woods Hole and Naples, with pure 

solutions of alkali earth chlorides; the foregoing table summarizes the 

results of these; after each solution is given in hours and minutes the 

maximum duration of movement observed in the different instances. 

In general the chlorides of these metals, with the exception of 

strontium, resemble those of potassium, rubidium, and caesium in 

exhibiting a strongly favorable action toward ciliary movement in 

pure isotonic solution. They differ in the respect that even mod- 

erately hypertonic solutions (;% 7 OF yo m) rapidly bring movement 

to a standstill, —an apparent indication ‘that their ions penetrate the 

tissue with less readiness than those of the above alkali metals. In 

solutions of the same or slightly lower osmotic pressure than the 

sea water calcium chloride sustains movement in general longer than 

magnesium chloride, and this salt than barium chloride. 

I found the cilia of Mytilus galloprovincialis in Naples more resist- 

ant to the action of these solutions than those of Mytilus edulis. In 

one experiment movement lasted in the three solutions 6, 5, and 

4 CaCl, for sixty-nine, ninety-three, and more than one hundred 

hours respectively; for the corresponding MgCl, solutions the times 

were twenty-seven, forty-five, and ninety-three hours. 

The cells swell and gradually detach themselves from the filaments 

in solutions of magnesium, calcium, and barium chlorides; the 

rapidity of the action decreases in the order just given. In pure 

strontium chloride solutions no swelling occurs ; on the contrary, the 

filaments undergo gradual coagulation. Swelling is more gradual 

in the above solutions than in those of the alkali salts. 

The alkali earth cations exhibit, on the other hand, a decided 

contrast to those of the alkali metals in exercising a strongly marked 

antitoxic action when added in small quantity to pure solutions of 

sodium salts (see below, p. 100). Since they are closely related 

chemically, and their ions agree in having high decomposition ten- 

sions, this general similarity in their physiological action is in ac- 

cordance with expectation. The exceptional behavior of strontium 

chloride in pure solution, however, requires explanation. In its 

antitoxic effectiveness in solutions of sodium salts this salt resembles 

calcium chloride ; yet its pure isotonig¢ solution destroys ciliary move- 
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ment in a few minutes, and slowly coagulates the gill filament. The 
other metal of the group, beryllium, shows similar peculiarities in 
having a strongly marked antitoxic action in low concentration, while 
the pure % solution of its chloride is rapidly destructive of ciliary 
movement and coagulates the gill filaments (see p. 1or). 

Action of pure solutions of heavy metal salts. — Experiments with 
pure solutions of various heavy metal salts have also been tried. 
With the exception of manganese they all arrest movement rapidly, 
and cause a breakdown of the cilia due probably to coagulation of the 
ciliary substance. All salts of trivalent metals (BIE), Al, (SO); 
Cr,(SO,)3, FeCl,) are instantly destructive in isotonic or slightly 
hypotonic solutions, and coagulate the filaments. In solutions of 
many bivalent metal salts some movement may be possible at first; 
this movement is of a peculiar quick vibratory character; in most 
cases it ceases within a few minutes. In solutions of manganese 
chloride, and to a less degree of nickel and cobalt chlorides, it 
may continue for a considerable length of time. 

In pure isotonic solutions of beryllium chloride, of the alkali earth 
group, movement is brought to rest within a few minutes, as with the 
heavy metals. Beryllium, however, as will be seen below, possesses 
strong antitoxic action. In six trials with % MnCl,, at different times 
and with different animals, the maximum observed durations of move- 
ment were as follows: sixty-four, forty, and seventy minutes; four 
hours; three hours and ten minutes; four hours and forty-nine 
minutes; movement is active and energetic at first, as in solutions 
of magnesium or calcium chloride. ” CoC], and NiCl, also permit 
movement to continue for some little time; in one instance a trace 
of movement was observed in a % NiCl, solution after thirty-two 
minutes; as a rule all movement ceases in these solutions within 
ten minutes. In % CdCl, and % ZnSO, active vibratory movements 
occur at first, but cease within two to three minutes; BeCl, acts 
‘similarly; while no movement could be seen in solutions of Cu, Pb, 
UO,, and Hg salts. 

Manganese thus acts similarly to the alkali earth metals, especially 
magnesium, as seen in its effectiveness as an antitoxic agent with Na 
salts; a further resemblance-consists in the fact that in its solutions 
the ciliated cells gradually swell and are detached, while in all other 
solutions of heavy metal salts the filament soon becomes white and 
opaque as a result of coagulation. These peculiarities of manganese 
are probably to be brought into relation with the high decomposition 
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tension of its ion (0.798 volts in N-solution); in this respect it 

greatly exceeds the other heavy metals, and resembles the more 

favorable bivalent metals, Ca, Ba, Mg, the decomposition tension of 

whose ions is, however, considerably greater. 

IV. Antitoxic ACTION OF Satts OF BIVALENT METALS. 

Salts of the majority of bivalent metals have a more or less pro- 

nounced antitoxic action when added to pure solutions of sodium 

salts. The degree of this action shows wide variation with different 

metals. The most effective are the alkali earth metals, which, as seen 

above, are also the least poisonous in pure solution. Certain of the 

heavy metals, as manganese, ferrous iron, and to a less degree cobalt 

and nickel, also exhibit well-marked action ; zinc, cadmium, 
and lead 

are less effective; while the more poisonous metals, copper, uranyl, 

and mercury, show no evidence of antitoxic action, at least in the case 

of this particular tissue. 

The following table (V) summarizes the results of two independent 

TABLE V. 

In control (;8; #2 NaCl) all trace of movement had ceased after 18 m. (Series A) 

and 10 m. (Series B). 

1. 5% NaCl + zoo CaClo. Movementisactive at first; ceases within 39 m.in Series A 

and 48 m., Series B. 

2. 38; NaCl + Foy SCs. Active at first; ceases sooner than in Solution 1: 18m. (A) 

and 18 m. (B). 

3. 8, NaCl + pits BaCly. Active at first ; ceases within 39 m. (A) and 60 m. (B). 

4. 85 m NaCl + zoo MgCls. Active movement, lasting decidedly longer than in above 

solutions: 2 h. 49 m. (A), and 3 h. 21 m. (B). 

af) m NaCl + Zits BeClo. Active and prolonged movement, lasting (A) 4h. 31 m. 

and (B) 5 h.] m., and in a third determination on 

another animal, 5 h. 20 m. 

6. 35 m NaCl + qo ZNSO¢. (A) Fairly active movement after 18 m.; has ceased 

after 40 m.: (B) fairly active after 19 m.; ceased 

within 35 m. (A) 18 m. +3 (B) 19 m. +- 

wn 

7. xfs m NaCl + zoey CACly. (A) A little movement after 31 m.; has ceased within the 

hour: (B) a little movement after 19 m. (A: 31m. ; 

B:19m.). 

8. 5 ™ NaCl + qs Cd NO3)a. Essentially like Solution 7 (A, 64 m.; B, 19 m.). 

9. x85 ve NaCl + op FeCly. Fairly active after 18 m. (only one determination, 18 m.), 

10. yf; NaCl + x00 NiCl). Active at first: lasts (A) 21 m.; (B) 53.5 m. 

ll. yom NaCl + ray CoCle. Active at first: A, 64m. ; B, 52.5 m. 

12. 48 m NaCl + 700 CuClo. Movement not prolonged ; xix CuSO,, same result. 

13. yy NaCl + vo PbCls. Fairly active at first; movement slightly prolonged : 

ceases (A) in less than 18 m.; (B) in about 20 m. 

14. 4%; NaCl + 730 UO.(NO3)2. Movement not prolonged. 
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series of determinations (A and B) with salts of various bivalent 
metals. The salts were added so as to be present in the solution 

7 7 NaCl) in {”. concentration. 

Another series of determinations, chiefly with heavy metal salts, 

was made at four different concentrations with the results embodied 

in the following table (VI). The salts were added to ;® m NaCl in 
the concentrations indicated. 

TABLE VI. 

Active movement} 16 4. 27 m.+. Gh. 27 m. +. 16 h. 24 m. +. 
lasting longer than | 
16 h. 27 m. (16 4. 
27 m.). | 
Movementisslow| Movement as i More favorable} More favorable 

from first; almost | 5. |than 2; a little than 7%4;; move- 
ceased after 1 h. | movement after 3| ment lasts ca. 7 h. 
31 m. (2 4. $1 m.). h.40m. (32.40m.).| 38 m. (7 4. 38 m.). 
Vigorous move-| Like #5; (2 4. More favorable| Less favorable 

ment at first; al-| m.). than 2%; (34. 40m.).) than y%;; almost 
most ceased aft. 2 | | ceased after 1 h. 
h. 26m. (24.26 m.).| 30 m. (7 4. 30 m.). 

» Alittle movement | Fairlyactiveafter| Like #5; <40m.| Like ;;;<40m. 
after 19 m.; ceased | 19m.; ceasedafter | (19 mm. +). (19 m. +). 
after40m. (19 m.).| 40 m. (19 m. +). 
Movement ceases| A little move-| A little move-| Ceases within 

within 17m. (17 .).) ment after 17 m.| ment after 17 m.|17 m. (<< 17 m.). 
| (17 m.). (17 m.). } 

Active at first; a | A little move-| Like (29m.+).| Fairly active after 
little movement | ment after 19 m.; 119 m. (19 m. +). 
after 57 m.; in an- | ceasesin < 40m. 
other experiment | (9 m.). 
movement after | 
59m. (57 m.;59m.)., 
More favorable| A little move-| A little move-| Less favorable 

than NiCl,;alittle; ment after 1 h./ment after 1 h.|/than y%5; ceased 
movement after 2h. | 50m. (1 4.50 m.).| 29 m.; ceased by |after 57 m. 
6 m.; in another | 1h. 50 m. (Z 4. | m. +). 
triallh.28m. (24. 29 m.). | 
6m.; 1h. 28 m.). | } 

. CuCl, | Movement not| Movement not) Movement not) Movement not 
prolonged. prolonged. | prolonged. prolonged. 

. PP6CI, | Movement lasts) Less thanl]9m. | A little move- 
less than 19 m. ment after 19 m.; 

} }ceased by 35 m. 
{ (19 m. +). 

A separate set of determinations was made with ferrous sulphate, 

using a freshly prepared solution to avoid so far as possible the pres- 

~ ence of Fe” ions. The results may be summarized as follows : — 



102 Ralph S. Lillie. 

TABLE VII. 

m NaCl + 35 FeSO,. Vigorous movement at first; almost ceased after 14 m. (14 m.). 

”™ NaCl + 25 FeSO,. Active movement; a little after 14 m. (14 m. +). 

y NaCl + roo FeSO,. Vigorous movement; a little after 1 h. 20 m. (1 2. 20 m.). 

4. % NaCl + agp FeSOy. Vigorous movement; remains fairly active after 1 h. 21 m- 

(1h. 21 m.)- 

5. 2% NaCl + xy FeSOy. A little movement after 1 h. 25 m. (1h. 25 m.). 

6. m NaCl + sto FeSOx- Fair movement after 1 h. 25 m. (14. 25 m.). 

wn 

In general the results of the above determinations agree somewhat 

closely with those obtained with the larvee of Arenicola;! Cu and 

UO, give no evidence of antitoxic action,? while of the others the de- 

gree of antitoxic efficiency seems partly correlated with the decompo- 

sition tension of the cation, those in which this value is relatively high 

being the least poisonous and the most efficient as antitoxic agents. 

Thus Mn is the most favorable of the heavy metals;® then comes 

Fe"; then Co and Ni, of which Co is distinctly the more favorable; 

then Zn and Cd, which here again are more poisonous than corre- 

sponds to their position in the scale of decomposition tensions ; Pb 

has relatively slight action. 

Of the alkali earth cations it is to be noted that in low concentra- 

tions (,”; and less) Be and Mg have most effect in prolonging move- 

ment in pure NaCl solutions; 7. ¢., their antitoxic efficiency in low 

concentrations is greater than that of Ca, Ba, or Sr in the same con- 

centrations. In higher concentrations the reverse may be true; and, 

as seen above, in pure solutions of a m to =, m concentration CaCl, 

sustains movement longer than MgCl,. Sr appears similar to Ca in 

its antitoxic action in low concentrations, while Ba is on the whole 

more favorable than either * and approaches Mg, though without being 

so favorable. The following table, XII, summarizes the results of a 

series of experiments in which Ca, Ba, and Sr are used with ’5 NaCl 

throughout a wide range of concentration. SrCl, is here most effec- 

tive in low concentrations (4%) ; at higher concentration its specific 

toxicity obscures its antitoxic action. This is not the case with the 

other two salts. 

1 R, Litiie: This journal, 1904, vii, p. 419- 

2 On the Ctenophore swimming plate UOs, Hg, and Ag have well-marked anti- 

toxic action; Cu, on the contrary, is ineffective. 

8 Mnand Fe” are also decidedly more favorable than the other heavy metals 

in the case of the Ctenophore swimming plate. 

4 Compare the conditions in Arenicola, Zoc. cit., p- 428. 
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TABLE VIII. 

Composition of 
mixture. 

-y NaCl, Active at first; al- 
” biva- 

chloride. 
.4 NaCl, 
y.¢ CaClo, 

Active at first; a little 
most ceased after 7 h.| movement after 19 h. 
33 m. (7 A. 33 m.). | 20 m. (19 2. 20 m.). 
More favorable than | Movement fairly ac- 

1 A; fairly active after | tive after 7 h. 33 m.; 
7h. 33 m. (7 4. 33 m.). | ceased by 19 h. 20 m. 

| (7 4. 33 m. +). 
.3 NaCl,| Considerable activ-| Like 2 B (7 4. 33 

y.3 CaCl,,|ity after 7 h. 33 m.| m. +). 
| (7 2. 33 m. +). 

-3 NaCl,| Like 3 A (7 4. 83) A 
-3 CaClo, | m. +). 

little movement 
jafter 7 h. 33 m. (7 4. 
| 33 m.). 

y. CaClo,| m. 

NaCl,| Like 4 A (7 
» CaCls,|m. +). 

NaCl,| Like 5 A (7 
e CaCl, m. +). 

NaCl,| Like 6 A (7 
+). 

. 33| Almost ceased by 
7 h. 33 m. (7 4. 33 m.). 

. 33| Movement has ceased 
|by 1 h. 30 m. (Z &. 
50 m. +). 
Largely ceased after 

30 m. (80 m.). ‘ 

C. BaCly. 

Active after 1 h.30m; 
ceased by 7 h. 30 m. 
(1 hk. 80 m. +). 
Almost ceased by 7 h. 

31 m. (7 4. 31 m.). 

A little movement 
after 7 h. 31 m. (7 4. 
31 m.). 
Like 3 C (7 4. 31 m.). 

Like 4+ C (74. 31 m.). 

Fairly active after 7 h. 
32 m. (7 4. 32 m. +). 

A little movement 
after 19 h. 36 m. (19 4. 
36 m.). 
Fair movement after 

19h. 36m. (19 4. 36 m.). 
e Iva): 
Gael, 

A little movement 
after 19 h. 20 m. (19 
hk 20 m.). 

NaCl,, LikeS A(194.20m.).| Almost ceased by 30} A little movement 
« CaCl, | m, (30 m.). after 30 h. 48 m. (30 h. 

| 48 m.). 
More favorable than 

9C; alittle movement 
| after 42 h. 24 m. (42 4. 
| 24 m.). 

No movement after| Less favorable than 
30 m. (< 30 m.). |10; a little movement 

| after 19 h. 38 m. (19 4. 
38 m.). 

Like 7 B (30 m.). 

; . NaCl, | 
y. CaClo,|19 h. 20 m. (19 &. 

20 m.). 

No movement after 
30 m (< 30 m.). 

Fairly active after 

. Pure 3’ CaCls,| A 
etc. 

little movement 
_after 19 h. 20 m.; less 
favorable than 10 A 
| (29 h. 20 m.). 

There are difficulties in giving exact comparisons of the antitoxic 

capabilities of the various cations, since at one concentration a certain 

cation may be far more effective than another, while at higher con- 

centrations the relations may be reversed. AICI,, for instance, is ef- 

fective in concentrations at which CaCl, has no perceptible action ;! 
yet when present in favorable proportions Ca is far more effective than 

Al. So also incomparing Mg and Be on the one hand with Ca on the 
other: BeCl, almost instantly arrests movement when present in the 

concentrations at which Ca acts most favorably and Mg is then less 
favorable than Ca. The relations thus appear complex. We may 

1 See Table XIX, p. 132. 
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perbaps regard capability of antagonizing the pure sodium salt as one 

property, and the specific toxicity of the salt itself as another, to a cer- 

tain degree independent of the first. Hence many salts which in 

moderate concentrations are instantly destructive of ciliary activity 

act favorably at low concentrations. The case of beryllium and of the 

favorable heavy and trivalent metals exemplifies this (see Table XV). 

Evidently a salt, in order to exhibit well-marked antitoxic action, 

must be capable of so acting at concentrations in which its directly 

toxic action is relatively slight ; otherwise the latter may prevent the 

antitoxic action from becoming evident. 

On the whole it seems best, in comparing the antitoxic powers of 

the bivalent cations, to take as basis of comparison the optimum for 

each cation, 7. é., to compare their relative efficiencies in those concen- 

trations at which each acts most favorably. If we regard as criterion 

the greatest antitoxic action of which the cation is capable at any 

concentration, the order of relative effectiveness in the case of Be 

and the above heavy metals runs somewhat as follows: Be, Mn, Fe", 

Co, Ni, Cd, Zn, Pb, Cu, UO;, Hg. A more exact estimate is not 

possible on the basis of the above observations. The order, it will be 

noted, is essentially that of increasing toxicity ; 7. ¢., the more toxic 

a metal is the less likely are its salts to exhibit well-marked antitoxic 

action. The order is also in general that of decreasing decomposi- 

tion tensions. 

Relation of the anion of the sodium salt to the possibility and extent 

of antitoxic action. — The nature of the cation is thus of prime im- 

portance in the antitoxic action of any salt. When toa solution of a 

given sodium salt is added a quantity of another sodium salt with a 

different anion, in general no antitoxic effect is seen; 1 2. ¢., anions 

do not counteract the toxicity of the pure sodium salt. Anions and 

cations thus exhibit opposite actions in this relation. It is, however, 

important to note that the different sodium salts exhibit very unequal 

capabilities of being thus antagonized; in the case of solutions of cer- 

tain sodium salts (NaF, NaCNS, NaBrOg, Na,HPO,), the addition 

of a salt with an efficient cation (as Mg), even in the most favorable 

1 The addition of small quantities of alkali may, however, favor ciliary move- 

ment for a time, even though it accelerates the disintegration of the tissue. Salts 

like NasCrO, and KMnQ, seem to offer an exception to the above rule, since in low 

concentrations they may exhibit a distinct antitoxic action (see below, Table XVI): 

This is to be regarded as due to the presence in such solutions of Mn- and Cr-ions 

of high valence, and is really a cation effect (see Matuews: This journal, 1904, 

xi, p- 237): 
; ‘ 
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concentrations, may have but slight or imperceptible action. Or, 

with other salts (Nal, Na,SO,), tiie antagonizing cation must be 

present in much higher concentrations than with NaCl in order to 

produce the same antitoxic effect. 

The following determinations were made in order to ascertain the 

relative capabilities of the various sodium salts of being antagonized 

by addition of salts of magnesium, the most efficient cation for this 

urpose. MgCl, (in % solution) was added to % solutions of the purp Sly 2 2 
me salts till present to a concentration of 2 (in general an approximately 

optimum concentration for antitoxic action with this salt). The 

determinations were repeated on another animal in the case of the 

more toxic salts (Series B in Table IX). 

TABLE IX. 

1. 3’ NaF + 3% MgCl, (slight precipitate of MgF,). Movement ceases soon. No move- 
ment after 10m. Result negative. 

2. » NaCl + #5 MgCly. Vigorous and prolonged movement; still active after 35 h.; 

ceased by 48 h. (35 /. +). 

3. x NaBr + 7% MgCls. Vigorous movement, considerable activity remains after 48 h. 

(48 h.). 
4. 3 Nal + y= MgCl,. Vigorous movement at first; cells swell and detach somewhat 

rapidly. Movement is active after 3 h. 57 m.; has ceased by 6 h- 

(4 4. +). 

5. 3’ NaNO; + 5 MgCl». Vigcrous movement as in NaCl; almost ceased after 17 h. 

53 m. (18 4.). 

6. 3’ NaClO; + 7+ MgCl. Vigorous movement; a little movement after 48 h. 3 m. 
(48 h.). 

7. ¥ NaBrO; + 35 MgClo. (A) active movement at first; ceases relatively soon; almost 

ceased after2h.1m. (B) active at first; almost ceased by 50 m. (A: 

2h.; B: 50 m.). 

8. x NaCOOCH; + x5 MgCl). Active after 8 h. 27m.; has ceased by 22 h. (8 4%. 

27 m.+). 

9. NaCNS + 3 MgCly. (A) movement has almost ceased after 40 m. (in control — 

pure '; NaCNS — has entirely ceased in less than 10 m.). (B) move- 

ment is less vigorous than in solution 7 B; a little remains after ] h. 9 m. 

(A: 40m.; B: 14.9 m.). 

10. 3’ NasSO, + 7 MgCly. Movement is still active after 6 h. 42 m.; has ceased after 

21 h. (6 A. 42 m.+). 
lL. f Na,C,yH,4O, + 3; MgCle. Vigorous movement at first; is still active after 3 h. 

48 m.; has ceased after 8 h. (3 4. 48 m.+). 

12. ¥ NasCyH;0,; + 3 MgClo. Movement lasts a short time only; is well marked after 
10 m.; has ceased after 40 m. (10 m.+). 

13. 4 NasHPO, + MgCl, (precipitate of phosphate). (A) a little movement after 50 m.; 

has ceased by 1 h. 45 m, (in control — pure ’y NagHPO, — has entirely 

ceased after 6 m.). (B) fairly active at first; has almost ceased after 

1Lh.9m. (A: 50 m.+; B: 14.9m.). 

1 Cf. Table XI on p. 109, with NaCl, NaBr, and Nal,+ MgCl, in graded proportions. 



106 Ralph S. Little. 

TABLE IX (continued). 

14. 4 NayFe(CN) 9 + 35 MgCl. (A) movement remains fairly active after 1 h. 40 m.; 

has ceased after 2 h. 15 m. (entirely ceased in control in less than 10 m.). 

(B) active at first ; has almost ceased after 1 h. 9 m. (A: 1h. 40 m.; 

B: 14.9 m.). 

15. % NagFe(CN), + a5 MgCl,. Ceases at once. : 

16. # NagHAsO, + MgCl, (arsenate precipitate). (A) considerable movement remains 

after 40 m.; ceased after 1 h. (in control— pure 7 Na,H AsO, — ceases 

within 5m.). (B) movement is fairly active after 15 m.; has ceased after 

25m. (A: 40 m.; B: 15 m—20 m.). 

17. 3 NaNO, + 35 MgCls. (A) active at first; has almost ceased after 1 h. 53 m. (has 

entirely ceased in control after 20 m.). (B) movement is somewhat slow ; 

has almost ceased after 1 h. 10 m. (A: 14.53 m.; Bi 1 h. 10 m.). 

18. 4 NagS.O3 + #5 MgCl. Vigorous movement; 1s active after 3h. 38 m.; has ceased 

by Sh. (8 4. 38 m.+). 

19. 3 Na.SO3 + 75 MgCly. (A) active movement at first; has almost ceased after 30 m. 

(control has ceased within 5 m.). (B) considerable movement after 

25 m.; has ceased after 40 m. (A: 80m.; B: 25 m. +). 

Two other series of determinations on different animals, using the 

following salts with # MgCl, gave the results summarized in the 

following table (X): 

TABLE X. 

1. # NaF + 35 MgCle- Movement is not perceptibly prolonged. 

2. % NaCl + #5 MgCle. Active long-continued movement (A: 17 h. 22 m.; Bi 15 h. 

48 m.). 

3. ¥ NaBr + #5 MgCly. Active long-continued movement (A: 4h. 20 m.+;B: 15 4. 

48 m.). 

4, 3 Nal + #5 MgCl. Movement is active at first ; ceases relatively soon (A: 14.15 m.; 

B: active after 35 m; has ceased at next examination after 2 h. 38 m. 

35 m. +). 

! NaNO; + #5 MgClo- Active movement in both series after 4 h ; has ceased after 

17h. and 15h. respectively (A: £4. 20m. +3 B: 44.6 m. +). 

6. # NaClO; + x5 MgCl,. Active movement at first asin NaCl. (A). has almost ceased 

after 5h. 20 m.; (B) a little movement remains after 15 h. 43 m. (A: 4 h. 

20 m.; (B: 15 h. $8 m.)- 

nm 

7. ¢ NaBrO; + 3 MgCl. (A) movement ceases relatively soon (<15 m.) (B) move- ; 

ment feeble and ceases soon; a little movement after 16 m.; ceased after 

35m. (A: <15m.;B: 16 m.). 

§. 3! NaCOOCHs + 2 MgCla. (A) Active movement; still remains quite active after 

4h. 20m. (B) similar; movement lasts longer than in A (A: 44. 

90 m.+: B: 15h. 48 m.). 

9, 7 NaCNS. + 35 MgCl. Movement is slow; (A) a little movement remains after 1 h. 

15 m.; has ceased by 2 h. 15m. (B) ceases in < 35m. (A: 1 h. 15 m.; 

B; 16 m +.). 

10. 4’ NasSO4 + 4 MgCly. Active movement at first. (A) has largely ceased after 2h. 

16 m., and completely after 3 h. 20 m. (B) some slow movement re- 

mains after 2h. 35 m. (A: 24. 16 m.; B: 2h. 85 m.). 
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TABLE X (continued). 

ll. # NagCyHyO, + #5 MgCl. Active movement at first; has almost ceased after 

(A) 24. 16 m. and (B) 2 4. 35 m. 

12. % NagCyH;O0, + #5 MgCls. (A) active movement after 17 m.; has largely ceased 

after 35 m.; no movement remains after 1 h.35 m. (B) has almost ceased 

after 16m. (A: 35 m.; B: 16 m.). 

13. % Na,HPO, + #4 MgCly. Movement ceases in both series in less than 15 m. (A: 

1b<m.; B: <15 m.). 

14. ¥ Na,Fe (CN), + 45 MgClo.. Movement ceases in both series in less than 15 m. 

(Abeer as Biol brik. 

It will be seen that in all the solutions of the last two tables a cer- 

tain degree of antitoxic action is evident, with the exception of the 

fluoride and the ferricyanide. The effect is relatively slight with 

solutions of the citrate, phosphate, arsenate, ferrocyanide, sulpho- 

cyanate, nitrite, bromate, and sulphite; somewhat more marked with 

the iodide, and well marked with the chloride, bromide, nitrate, chlo- 

rate, acetate, sulphate, and tartrate. Using as criterion the degree 

to which MgCl, in the above concentrations can counteract the inju- 

rious action of the pure salt solution, we may range the salts in their 

order of toxicity somewhat as follows: The chloride, bromide, chlo- 

rate, nitrate, and acetate among the salts with monovalent anions 

may be antagonized with almost equal readiness, although nitrate and 

acetate appear in the above experiments somewhat less favorable than 

the other three. The iodide is distinctly less favorable than the salt 

just named; the bromate, nitrite, and sulphocyanate can be antago- 

nized only slightly, and the fluoride not at all. Of salts with bivalent 

anions, — sulphate, thiosulphate, and tartrate arein general similar to 

one another, and comparable to nitrate in their action; sulphite is 

distinctly more toxic, and is not readily antagonized. Of the salts with 

trivalent and tetravalent anions, all show a relative insusceptibility to 

the antitoxic influence of the MgCl, in these concentrations; this 

may be due in the case of the above experiments to the presence of 

an insufficiency of the antitoxic salt. It is nevertheless somewhat 
surprising that in solutions of salts like arsenate and ferrocyanide the 

presence of magnesium chloride markedly diminishes the toxicity, 

especially in the latter instance. Phosphate is less toxic than arse- 

nate, according to the above determinations. In comparing these 

results with those observed in pure solutions of potassium salts, it will 

be seen that the order of toxicity of the anions is practically the same 

in both series. For the series of monovalent salts, the order of in- 
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creasing toxicity corresponds closely with that of increasing activity 

in producing swelling of the ciliated cells. This, however, is not true 

of salts with plurivalent anions, many of which (arsenate, phosphate, 

ferrocyanide, citrate) are strongly toxic —7?. ¢., arrest movement rap- 

idly in pure solution, and are not readily antagonized — without pro- 

ducing noteworthy swelling. The behavior of the monovalent salts 

indicates, however, that at least part of their toxicity is due to their 

producing a swelling of the cell; prevention of this action by action 

of various cations has the effect of counteracting the toxicity to a 

greater or less degree (see below, Section VII). The unequal toxicity 

of the various anions is thus to be ascribed largely to the inequality 

of their action in producing physical alterations in the contractile 

substance. 

Variations in optimum proportion of antitoxic salt with variation in 

anion of toxic salt, — Indications are seen in the above tables that the 

optimum proportion of MgCl, varies with the anion of the toxic salt. 

One might expect that the salts with the more energetically acting 

anions would require higher proportions of MgCl, for counteraction 

of their toxic action. With a view to determining if this is so, the 

following series of determinations were made with the four sodium 

salts, chloride, bromide, iodide (with monovalent anions of increas- 

ingly powerful action as shown by the typical swelling action), and 

sulphate (with typical bivalent anion). (Table XI.) 

All the gill filaments used in this series were taken from the same 

animal. In every solution, with the exception of the pure sodium 

salts, movement was active, and continued for several hours. 

The difference between iodide and sulphate on the one hand, and 

chloride and bromide on the other, proved well marked, the former two 

being distinctly less favorable. In the iodide swelling and detachment 

of cells take place with much greater rapidity than in the other solu- 

tions, and the comparatively great toxicity of this salt is, in all prob- 

ability, largely due to this action. ; 

The differences between the anions Cl, Br, and I are in general as 

follows: In their power of producing swelling there is a progressive 

increase with increase of atomic weight, or decrease of decomposi- 

tion tension. The most favorable concentration of MgCl, for anti- 

toxic action was lower with NaCl than with NaBr, and with 

NaBr than with Nal. With Na,SO, the optimum proportion of 

MgCl, was apparently almost the same as with Nal. In both 

Na,SO, and Nal duration of movement proved much shorter than 
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with NaCl or NaBr; this agrees with the results of the previous 

determinations (cf. also the series with K-salts). 

Solution. A. NaCl. 

TABLE XI. 

B. Nabr. 

In general the fol- 

C. Nal. D. Na,SO,. 

No movement | 
| and a little swell- 
| ing after 2 h. 
i] 

. “ Pure” salt 

. salt | Movement al- 
v. x MgCl. | most ceased af- 

|ter 30 h. 52 m. 
(30 h. 52 m.). 
Like 2 A (30 4. 

52 m.). rg MgCle | 52 1 
Like 3 A (30 2. | salt | 

”™ MgCly 52 m.). 

Ceased after 
30h. Fairly ac- 
tive after 19 h. 
(45m. (19 4. 45 | 
| m. +). 

Like 5 A (19h. | 
45 m.+). 

salt 
3 MgCl, 

. salt 
g MgCl, | 

Fair movement | 
after 19h.45 m;) 
less favorable 
than 6 A (19 . 
45 m.). 
Almost ceased 

by 19 h. 45 m.; 
less favorable 
than 7 A (19 &. 
45 m.). 
Ceased by 19h. 

45 m.; fairly ac- 
tive after 7h. 55 
m. (74.55 m.+).| 

salt | 
3 MgCly 

. Salt 
3 MgCl. 

salt 
3 MgCl, 

salt 
3 MgCl. 

Like 9A (7 4. 
55 m.). 

| 

Like 10 A (74. | 
55 m.). 

salt 
3 MgCl, 

. pure ¥ Active after 5 
h.40m.; ceased 
by 7 h. 55 m. 
(a 4. 40 m.). 

MgCl, 

Many 

tached after 2 h. 

Fairly active 
movement after 
44h. (44 h.). 

Like 2 B (444. 
28 m.). 
A little move- 

ment after 44 h. 
128 m. (44 &. 28| 
m.). 
Like 4 B (44 2. 

28 m.). 

Trace move- 
ment after 44 h. 
28m. (444.28 m.). 
Less favorable 

than 6 B.; little | 
movement after 
30h. 57 m. (30 2. | 
7 m. +). 
Trace move- 

ment after 30 h. | 
57 m.(30 4.57 m.). | 

Less favorable 
than 8 B; fair} 
movement after | 
20h. 37 m. (20 2. 
37 m.). 
A little move- 

ment after 20 h. 
37 m.(204.87 m.). 
Ceased by 20h. 

37 m.; fairly ac- 
tive after 7 h. 
53 m. (7 &. 53 
m.+-). 

cells 
rounded and de- | 

| 
Swelling and| Swelling and 

detachment af-| detachment af- 
ter 2 h.> NaBr. | ter 2 h. ca. as in 

| NaBr. 
Considerable, Fairmovement 
movement after | after 7 h. 53 m. 
7h. 51 m. (7 4.| (7 2. 538 m.). 
51 m.). | 
Like 2C (7 4.| Like 2D (7 2. 

51 m.). | 53 m.). 
Considerable} Like 3 D(7 4. 
movement after | 53 m.). 
folie 5A xn (Fiz: 
51 m.). 
Active move- 

{ment after 7 h. 
5o 
ow 52 m. (7 4. 

m.+). 

Active after 7 
ese Die then (raze 
53 m+). | 
Like 6C (7 4. 

53 m.+). 

Active after 7 
ho 53 me (7 7 
53m. +). 

Like 5 D (7 2. 
53 m.+). 

Vigorous move- 
ment after 7 h. 
52 m. (7 &. 52 
m.+). 

| 

Active after 
7.0.95) mm. (7A: 
53 m.). 

Somewhat less | 
active than §C 
after 7 h. 53 m. | 
(7 &. 53 m.). | 

Fair movement 
after 7 h. 53 m. 
(7 2. 53 m.). 
Fair movement 

after 7 h. 53 m. 
(7 4. 53 m.). 

Somewhat less 
active than 7 D 
after 7 h. 52 m. 
(7 4. 52 m.+). 

Fair movement 
after 7 h. 52 m. 
(7 4. 52 m.). 

Fair movement 
after 7 h. 52 m. 
(7 hk. 52 m.). 
Fair movement 

after 7 h. 52 m. 
(7 4. 52 m.). 

lowing is indicated as a result of this and the foregoing experiments; 

(1) that the more powerfully acting anions require higher proportions 
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of the antitoxic cation for favorable action; and (2) that the more 

toxic anions can be counteracted to a less degree than the less toxic. 

In experiments on the antitoxic action of the hydrogen ion similar re- 

lations appear (see below, Table XIII, p. 114)- 

Antitoxic action in relation to salts of other alkali metals. — Sodium 

salts are peculiar in that their toxicity, strongly marked in pure solu- 

tion, is so readily diminished or counteracted by the presence of rela- 

tively small quantities of plurivalent metallic salts, especially those 

of the alkali earths. This peculiarity is shared to a certain degree by 

lithium salts, as the table given below will illustrate. Potassium and 

ammonium salts (and presumably those of rubidium and cesium, 

which resemble potassium), on the other hand, seem practically devoid 

of it, so far as my observation has extended.? 

These facts constitute another exemplification of the importance of 

sodium salts in contractile processes, and of their partial replaceability 

by lithium salts, though not by salts of the other alkali metals. The 

rule that this form of antitoxic action is confined to salts of these 

metals does not necessarily apply to other than contractile processes ; 

thus the toxicity of potassium salts for early stages of developing eggs 

can be partly counteracted by addition of salts of bivalent metals.” 

TABLE XII. 

1. #,LiCl pure. Movement ceases almost instantly. 

90 volumes 7’ LiCl + 10 volumes % MgCl. Movement is feeble, but lasts some time ; 

has almost ceased after 1 h. 58 m. (2 4.). 

3. 80 v. % LiCl + 20 v. # MgCl. Somewhat more favorable than Solution 2; a little 

movement after 1 h. 58 m. (2 4.). - 

4. 70 v. # LiCl + 30 v. MgCl.. Movement is sluggish, but lasts longer than in Solu- 

tion 3; a little remains after 4h. 20 m. (4 4. 20 m.). 

5. 60 v. % LiCl + 40 v. ¥ MgCls. Like Solution 4 (4 4. 20 m.). 

6. 50 v. # LiCl + 50 v. ¢ MgCle. Sluggish movement, lasting longer than in Solution 5 

(4h. 20 m.+). 

7. 40 v. 3 LiCl + 60 v. ¢ MgCle. Somewhat more favorable than Solution 6 (¢ 4. 

20 m. +). 

8. 30 v. 3 LiCl + 70 v. 7 MgCl. Movement is more active than in Solution 7; lasts 

longer than 5 h. (5 2. +). 

9. 20 v. ¥ LiCl + 80 v. 7 MgCl. Like Solution § (5 4. +). 

10. 10 v. # LiCl + 90 v. 3 MgClo. Movement is fairly active (<4 h.). 

1]. Pure { MgClo.. Movement is much more vafid than in solutions containing Li, —is 

quick and vibrating (9 h. +). 

we 

1 These statements also hold true of the Ctenophore swimming plate, in which 

the toxicity of sodium, and, to a less degree, of lithium salts, can be counter- 

acted, ¢. g., by MgCls; while potassium and ammonium salts show no such sus- 

ceptibility. 

2 Cf. Lors: This journal, 1909, iii, p. 383. 
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For cilia, however, and for the Ctenophore swimming plates 

which are modified cilia, I have found this relation to hold constant. 

Table XII summarizes the results of a series of experiments with 

mixtures of LiCl and MgCl,. 
Ciliary movement is sluggish and wavy in solutions containing 

lithium salts, the Li-ion being evidently less favorable to contractility 

than the Na-ion. Antitoxic action is typical, however, the addition 

of relatively small quantities of MgCl, prolonging movement greatly ; 

the conditions become increasingly favorable with decrease in the 

concentration of LiCl and increase of MgCl,. 
In similar mixtures of NH,Cl + MgCl,, and KCl + MgCl, no such 

distinct antitoxic action is seen. With NH,Cl, the later members of 
the series (those in which MgCl, preponderates) are more favorable 

than the earlier, —MgCl, being specifically more favorable than 

-NH,C1; but there is no typical antagonization of the alkali salt by a 
relatively small proportion of the bivalent salt. The case is similar 

with KCl + MgCl,: duration of movement is not prolonged over that 

in pure KCl solutions, whatever the proportions of the salts in the 

mixture. 

A further series of experiments was performed using solutions of 

several of the more toxic potassium salts with a view to determining 

if the well-marked toxicity shown by these (in contrast to KCl, KBr, 

etc.) could be diminished by the presence of magnesium. The 

following salts were used in % concentration: KF, KCNS, KI, 

K,C,O,, K,HAsQO,, each salt being used first in pure solution and 
then after the addition of MgCl, to 7 concentration (9 volumes 

K, salt + 1 volume # MgCl,). It was found that although the addi- 
tion of the MgCl, seemed to effect a slight improvement in the con- 

ditions, no decisive antitoxic action appeared in any instance. This 

result is in striking contrast with that obtained with the correspond- 

ing sodium salts. The difference must be attributed to some specific 

peculiarity of the Na-ion. 

V. Antitoxic ACTION OF MONOVALENT CATIONS, AND ESPECIALLY 

OF THE HypROGEN JON, ON SOLUTIONS OF SoDIUM SALTs. 

The addition of another alkali metal salt, such as ammonium or 

potassium chloride, to a pure sodium chloride solution has no dis- 

tinctly favorable action until the former salt attains such high concen- 
tration in the mixture that its specific favorability overbalances the 
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injurious action of the sodium salt. This result is typical; the alkali 

metal cations are without distinct antitoxic action in the above defined 

sense. This lack of such action is probably due not so much to the 

monovalence of these ions as to their high decomposition tension, 

which, as Mathews’ results indicate, seems correlated with relative 

physiological inactivity. Other monovalent cations, as Ag and the 

H-ion possess powerful physiological action, and their behavior in 

the present relation is accordingly different from that of the alkali 

metals. Silver salts, however, although their presence in low con- 

centration prevents swelling and gives certain other indications of 

antitoxic action, do not prolong ciliary movement in Mytilus; Ag 

acts similarly to Hg; the specific toxicity of both metals is such that 

the concentrations necessary for antitoxic action are rapidly fatal to 

the tissue. Thus, in a series of solutions of Na,SO,, to which AgNO; 

had been added in concentrations ranging from tO sozano? UeKe 

was no effect in prolonging movement in any solution ; the filaments 

were coagulated in concentrations of ;24>5 and above; below this 

concentration there was well-marked effect in preventing swelling, 

but ciliary activity ceased in all solutions within ten minutes. Silver 

salts thus proved ineffective in my experiments on the Mytilus gill. 

Silver, however, as well as mercury, has in low concentrations a well- 

marked antitoxic action on the Ctenophore swimming plate; with 

this tissue the most favorable concentrations were very low, ranging 

from =., to s5%59: Whether or not it is capable of so acting ap- 

pears thus to depend on the nature of the tissue. 

The hydrogen-ion (or dilute acid) has, on the other hand, a very 

distinct though not strongly pronounced antitoxic action on the cilia 

of the Mytilus gill. This has been determined for a number of sodium 

salts; the action is always found in low concentrations, ranging from 

—"— to =%55. Since the action of dilute acid presents certain 

definite characteristics that appear to throw light on the general na- 

ture of the antitoxic action of salts, the results of these experiments 

will be presented in some detail. 

Table XIII tabulates the results of several series of experi- 

ments with various monovalent sodium salts (and Na,SO,) in 7% # 

and % concentrations. Standardized HCl solution was added to the 

salt solutions in the proportions represented.|. The character of the 

ca 

1 7. e., the acid is diluted by addition of the solution to the degree represented. 

The figures thus simply designate the solution, without considering any inter- 

action between the salt and the acid. Of course this last action must be taken 

into account in interpreting the observed phenomena. 
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movement, its duration in the solution, and the swelling or anti- 
swelling (coagulative) action of the latter are the chief data recorded, 
In the series with each salt there is seen, first, a certain range of 
HCl concentration in which the movement ceases sooner than in the 
pure solution and the filament undergoes coagulation; then a range 
in which movement is decidedly prolonged and in which some swell- 
ing, though less than in the pure solution, may occur; and finally a 
range of concentration in which there is seen little or no difference 
from the pure solution. The optimum concentration of HCl thus va- 
ries in highly characteristic manner for each salt. A relation is seen 
between the anti-swelling action of the H-ion (or of the acid, disre- 
garding the terms of the ionic theory) and its action in prolonging 
movement. This relation gives a certain indication of the nature of 
the antitoxic action; it seems due, in part at least, to the prevention 
of the swelling or disintegrative action of the pure salt solution. 

In Table XIII each vertical column gives the results of a series 
of determinations with the salt designated. The horizontal columns 
give the data for different salt solutions to which the same quantity 
of acid has been added. 

According to the determinations in Table XIII the optimum propor- 
tion of HCl for NaCl is lower than for NaBr, lying in the former case 
below j3%55 and in the latter between ;”, and ;2.. In order to de- 
termine more precisely the most favorable proportion for each of these 
salts, I made two series of determinations in which the proportion of 
acid was gradually decreased in the successive members of the series. 
HCl was added to the ,°, NaCl and proportions ranging from 
10000 968. Fyuoo (aS follows: .0001 m, .00009 m, .00008 m, .00007 72, 
00006 7, .CO005 m7, .00004 m, .00003 m), and to {5 # NaBr in eight 
similarly graded proportions between ~”~ and ca. saan (-O004 772, 
00036 m, .00032 m, .00028 m, .00024 m, .0002 Mm, .OOOI16 m, 
s00012 m). With 4"; 7 NaCl .ooo09 » HCl just sufficed to prevent 
swelling, and the most favorable concentrations were .00006 m and 
-00005 #, which check swelling considerably without wholly prevent- 
ing it; in these solutions movement was vigorous at first and lasted 
for about fifty minutes. With ;* » NaBr there was a little swelling 
even in .0004 m HCl (,2, as seen in the table prevents it altogether) ; 
conditions seemed most favorable in .co028 m concentration where 
some activity remained after one anda half hours; in the succeeding 
solutions movement lasted for an hour or more. Here also the most 
favorable proportion was that in which swelling was materially checked 
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TABLE XIII. 

ee | 

cere NaCl. | Nabr. | Nal. NaNO. 

| | 
| | 

Pure Movement rapid- Movementceased | Cells swollenand 
| W ell-marked 

salt |ly becomes  slug- | and cells slightly | detaching after 14|swelling and de- 

solution.| gish and ceases swollen after 21|m. Nomovement. tachment of cells 

within 15 m. m. Marked swell-| after 2] m.; no 

| | ing after 40 m. 
movement. 

m, | Filaments coagu- | Filaments coagu-| Filaments coague Filaments white 

lated and opaque | lated white and|lated white and |and coagulated 

within 7 m.; no | opaque within 7m. | opaque within 7m.|after 7 m.; no 

movement seen. | No movement. | No movement. movement. 

| 

| | 
| | 

| | 

500 | Similar to go Coagulation is | Coagulation is White and coagu- 

HERGIS much more grad- | less marked than lated after 7 m.; 

| }ual than in NaCl|in ,@, HCl. Nojno movement. 

| | ae CI No | movement seen. 

| | movement. 

ron Similar to 3%5| Con siderable| After 14 m. fila- No movement 

HCl. movement after ments are un-|after 7 m.; fila- 

\7 m.; only slight} swollen and al-|ments are then 

| evidence of coagu-) most normal in slightly coagulated. 

| lation (7 m.). | appearance, — 

| slightly whitened. 

| | No movement. 

3200 No movement| Vigorous move-| Active vibratory Vigorous move- 

seen; filaments | ment at first; con-|moveme nt at|mentat first; a lit- 

whiten more grad-| siderable move-|irst. A little tle movement after 

ually than in y¥5o | Ment after 65 m.;| movement after 30 m.; almost no 

HCl. ‘slight swelling | 20 m.; ceased by | swelling (30 m.). 

| then evident;,| 45 m.; cells slight- 

| ceased by 1 h. 40} ly swollen after 

|m. (63m. +). | 45 m. (20 m. +)- 

ane No movement! Active at first; | Active vibratory Active movement 

seen; filaments | fairly active after | movement, cells | at first; swelling is 

slowly coagulate. | 2] m.; ceased by | swell more rapidly | well marked after 

| 45 m.: swelling is| than in y7h0 HCi. | 30 m. and move- 

then well-marked | A little movement ment has ceased 

(21 m.+)- after 65 m.; swell-| (7 ™. +). 

| ing is then consid- 

| erable (65 m.) 

su Vigorous vibra- Less favorable Swelling and de- Similar to axoo 

tory movement at than ,@, HCl; tachment of cells | HCl, but swelling 

first ; alittle move-| swelling is more | are well marked | is more rapid. 

ment after 28 m.;| rapid (2/ m.). |after 14 m.; a 

ceased by 42 m. |jittke movement 

Only slight indica- | then; ceased by 

tion of coagulation 
| 21 m. (14 m.). 

(28 m.). 

wEOOD Movement very 

active at first; a 

little movement 

after 66m. No co- 
. 

agulation (66 ™.). 

6 ee 
—_ eee 
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TABLE XIII (continued). 

NaClO3. NaBrO). NaCNS., NaCOOCHs. Na,SO,. 

Swelling begin-) Movement 
ning after 21 m., ceased within7m. 
no movement. and cells swelling. 

| 

Filaments white 
and coagulated | active after 7m.; 
after 7 m.; no|/no coagulation; 
movement. |/movement has 

ceased by 14m. ; 
| slight swelling by 
then. Marked 

| swelling later. (7 
|m. +). 
No movement is 

seen. Swelling is 
more rapid than 
in zoo HCl. 

m Like 745 HCl; 
coagulation is 
rather less rapid; 
no movement. 

Active move-| No movement. 
ment after 7 m.;| Swelling is well 
a little movement | marked after 7 m. 
after 21 m.; no 
apparent Coagu- | 
lation (22 m.). 

Active at first;| Similar to pre- 
no coagulation; | ceding solution. 
like p55 HCI (22) 
m. +-). | 

Active at first; 
somewhat less fav- 
orable than y7i5 
HCl. Swelling is 
more rapid. (21 
m.). 

Similar to pre- 
ceding solution. 

Active at first. 
Less favorable ceding solution. 
than HCl. | m 

nio0 

(7 m. +). | 

Similar to pre- | 

Cilia are fairly | 

Well marked 
swelling and de- 
tachment of cells 
after 7 m. No 
movement. 

No movement 
after 7 m.; fila- 
ments white and 
coagulated. 

No movement 
after 7 m.; fila- 
ments then 
slightly coagu- 
lated. 

Considerable 
eee Sa . a é 
swelling after''than x%j5- Move- 
7m. No move- 
ment. 

A little move- 
ment remains 
after 7 m.; con- 
siderable swell- 

jing (7 m.+). 

No movement) 
after7m.; swell- 
ing is marked. 

Similar to sz 
Cl. 

Movement has 
practically ceased 
after 6m. 

Movement al-| 
most ceased after 
14 m.; ceased by 
25 m. (14 m.). 

| 
| 

Filainents do not | 
coagulate ; active 
movement after 
35 m. (35 m. +). 

Ceased after 
6m.; somewhat 
coagulated after 
12m. 

m | Like zg5 HCl.| Active vibratory 
Movement active movment after 
after 35 m. (35|/6m.; fair move- 
m.+). ment after 17 m.; 

|has ceased by 
| 23 m. (17 m.). 

Less _ favorable} Generally simi- 
lar to x55 HCl. 

ment active at/|(72 m. +). 
first; almost 
ceased after 25 m. 
(25 m.). 

Less favorable) Like ;%, HCL 
than y45e3 almost | (17 m.) 
ceased after 14 m. 
(14m. +). 

Almost ceased Less favorable 
after 14m.; simi- than 52, HCl. 
lar to pure solu-| (6 m. +). 
tion (74 m.). 

| 

m Similar to s755 
HCl. 
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without being quite prevented. Complete prevention of swelling usu- 

ally implies coagulation, which ‘5 destructive of activity. In both 

series (as in that of each salt of the above table) there is a gradation 

in the rate and degree of swelling, both increasing as the concentra- 

tion of acid decreases; the most evident action of the acid is thus to 

prevent or retard this change. 

A number of experiments were made with other salts. In the case 

of % Na,S.O3 fairly active movement remained after sixteen minutes, 

after addition of 7, HCl; and a little activity remained int saan 

HCl. With lower and higher concentrations of acid movement 

ceased within a much shorter space of time. Ina similar series with 

m Na,SO, a distinctly favorable effect was seen with m HCl 

2 

800 

in which considerable movement remained after fifteen minutes ; in 

other concentrations (;¢o0 and ~-) a slight antitoxic action was 
3200 

also seen. 

In the case of sodium tartrate no distinct action was seen with 

HC] in the above concentrations. The reason for this is evidently 

the slight dissociability of tartaric acid, hence the addition of a rel- 

atively large quantity of HCl should theoretically be necessary to 

increase the concentration of H-ions sufficiently for antitoxic action. 

In another series with the same salt, in which HCl was added in pro- 

portions ranging from 2% to yo, evidence of antitoxic action was seen 

at 2% and yoo though the effect was not marked. With sodium 

citrate similar conditions were found, Inthe pure solution movement 

had ceased within six minutes; upon addition of HCl to 35 and oa 
26 

movement was active after this interval and remained for seventeen 

minutes in the first and for mom than twelve minutes in the second 

instance. The antitoxic action of acid thus proved slight with both 

these salts. 

Addition of HCl in larger quantities than those indicated in the 

table was also tried with the salts NaBrO, and NaCOOCH, which 

in the above tabulated experiments showed most favorable action 

with the higher concentrations of acid. In a second series with "5 

NaBrO, similar to the above, with HCl in concentrations from 7 to 

me a distinct action was found with ~“ HCl, in which a little 

12800? 

S00 

movement remained after thirteen minutes. On addition of more 

HCl (a third series ranging from “m_ to * HCl) the most favorable 
200 800 

action was found at 3% H Cl, in which solution vigorous and energetic 

the filaments were 
movement lasted for several minutes; at 3po 

coagulated ; at J. the movement, active after two minutes, had 
00 
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ceased by nine minutes; there was no coagulation in this last 
solution and the swelling, although greatly checked, was considerable 
after four hours. Here again the best cencentration was that just 
sufficient to check swelling without preventing it altogether. 

With 3 NaCOOCH, in a second series with HCl ranging from 
m 200 tO yago9 the most favorable action was again found at 2% (a 

little movement after sixty-nine minutes); ;2 HCl was somewhat 
less favorable (a little movement after fifty-two minutes) and the 
others still less so, as in the above series. In another series of three 
solutions with more HC] movement was not prolonged at ~~ HCl, 
was prolonged slightly, if at all, at 24., but very considerably at ;”., 
where it continued for about an hour (sixteen minutes was maximum 
duration in pure ¥ NaCOOCH,). With 2 and 2 HCl the filaments 
are gradually coagulated. The most favorable concentration of HCl 
in the case of this salt appears thus to range from ,% to . This is 
again a concentration somewhat less than that required to prevent 
swelling or produce coagulation. 

Addition of HCl (from ,%, to 3%.) to ¥ solutions of Na,Fe 
(CN),, Na,HPO,, and Na,HAsO, failed to produce any evident 
antitoxic effect. The filaments remained uncoagulated in all these 
solutions, an effect to be expected when the strongly marked action of 
the anions and the weak nature of their acids are considered. 

The general results of the foregoing experiments on antitoxic 
action of acid may be conveniently summarized in the following table, 
in which opposite the formula of each salt is given the approximate 
quantity of HCl whose addition to the % solution produces the most 
favorable antitoxic action. 

TABLE XIV. 

NaC]... . = . Best effect at x55 to ax¥a5- 

NaBr. . > . « « \Best effect at xa'nq to yy%55: 

Nal ... .. « Best effect at xag, to ai%5. 
NaNO, .... . Best effect at sx45 to zz55- 

NaClO; . . . . . Besteffect at yxy to xf%p- 

NabrO; . . . . . Slight action at 7% to y%,. 

NaCOOCHs; . . . Most favorable at 75 to 5775. 

NaCNS . . . . . Slight action at ca. yotq. 

Na,SOy . . . . . Most favorable at gis to yziny- 

Na S,0,;. . . . . Most favorable at :755 to yey. 

Na,SO3 . . . . . Some favorable action at g45. 

Na,CyH,O, . . . Slight action at 2% toy. 

Na;C,H;O; . . . Slight action at 7% to #4. 

NagHPO, . . . . No effect seen. 

Na.HAsQ, . . . No effect seen. 

NayFe(CN), . . . No effect seen. 
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The addition of a trace of acid is thus seen to retard, in some in- 

stances very considerably, the injurious action of pure solutions of most 

of the above sodium salts. The more toxic of these are only slightly 

susceptible to this action —as NaBrOs, NaCNS — or appa
rently 

altogether insusceptible — as Na,HPO,, 
Na, HAsO, or Na,Fe (CN),- 

It is important to note the wide variation in the quantity of acid 

necessary for distinct antitoxic action with the different salts ; 

with salts of strong acids (NaCl, NaBr, Nal, NaNO,) the optimum 

action is obtained on addition of comparatively little of the antag- 

mm 

onizing acid (ranging from 32%;5 tO s5600): On the other hand, with 

salts of weak acids (acetate, tartrate, bromate, citrate, sulphite) the 

requisite concentration of H-ions — the effective agency in the action 

—can only be secured by the addition of larger quantities of HCl; 

the reason of this is the production of the corresponding acid, which; 

being slightly dissociable, especially in the presence of a high concen- 

tration of its anions from the salt, must be present in relatively large 

quantity to give the required concentration of H-ions. In the case 

of. salts of strong acids it is the physico-chemical characteristics of 

the anion that determine the quantity of H-ions necessary to offset 

the poisonous action. Thus salts of monobasic acids of practically 

equal strength (NaCl, NaBr, Nal, NaNO,, NaCNS) show varia- 

tions in the quantity of acid needed for optimum action, this being 

least in NaCl] (%, to =400 EL) and greatest in NaCNS, where no 
6400 25600 

antitoxic action is seen at concentrations below 33,5 HCl: the action 

is slight with this salt at the best. The explanation of this fact is evi- 

dently that the physiologically more active anions require the addition 

of larger quantities of the oppositely acting H-ions for counteraction 

of their toxicity. NaBr and NaNO3, and especially Nal and NaCNS 

have much more rapid action than NaCl in inducing swelling and 

disintegration of the ciliated cells. This is probably due to their 

anions having lower decomposition tensions than Cl. It seems prob- 

able that increase in valence of the anion may in itself increase its 

physiological activity ; thus in both Na,SO, and Na,S,O3, salts of 

strong acids, the optimum proportion of HCl is relatively high. In 

any case the antitoxic cation (in this case the H-ion) appears to act 

by exercising an action of opposite character to that of the anion; 

hence the greater the physiological activity of the anion of the toxic 

salt, the more acid must be required for the most effective antitoxic 

action. 
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VI. AntiToxic ACTION OF PLURIVALENT CATIONS. 

In the antitoxic action of trivalent and tetravalent cations (Al, Cr, 

Fe’, Th, Sn'¥) on solutions of sodium salts similar phenomena are 
observed. Salts of such metals induce coagulation when present in 

more than very dilute concentrations. A concentration insufficient 

to cause coagulation, but sufficient markedly to retard swelling, is 

here also most favorable for antitoxic action. Other factors appear 

also to enter, as in the case of the alkali earth cations, since the 

favorable action is greater than can be secured by mere addition of 
acid. 

TABLE XV. 

SALTS ADDED TO ¥ NACL IN THE PROPORTIONS INDICATED. 

Concen- 
trate of 
antitoxic 

salt. 

| 

Movement ceases at) No movement; fila-| Filaments coagulate 
once; filaments coagu-| ments coagulate within |soon; no movements. 
late within an hour. an hour. 
Movement ceases soon; Similar 

gradual coagulation. solution. 
Filaments do not coag- _ A little movement after 

ulate: show considera- | 25 m.; only slight swell- 
| ble swelling after 22 h.; | ing after 22h. (25 m.). 
some movement after 
7h. 35m. (74.35 m.). 
Considerable swelling 

after 3h.; a little move- 
ment (3 4.). 

to preceding} Similar to yy FeCls. 

Filaments coagulate 
| within 25 m.; no move- 
ment. 

Swelling is slight after| Filaments 
20 h. quite active move- 
ment after 2 h. 53 m. 
(3 2. +). 
Considerable swelling | 

are coagu- 

jlated after 25 m. 

| Filaments coagulate 

m 
TO2T00 

Considerable swelling 
after 2h.; a little move- 
ment (2 /.). 

Similar to ys'g55 AICI, 
(24.). 

A little movement after 
52m. (52 m.). 

| Considerable swelling 
after 52 m. ; slight move- 
ment (52 m.). 

after 20 h.; some cilia 
remain active after 7 h. 
28 m. (7 A. 28 m. + ). 
Good many cells are 

detached after 20 h.; a 
little movement remains 
after 22 h. (22 4.). 
Disintegration of fila- 

ments is well advanced 
after 20h. ; a little move- 
|ment remains after 7 h. 
29 m. (7 4. 29 m.). 

| Well-marked 
|gration after 20 h.; 
|}movement has almost 
| ceased after 2 h. 53m. 
| (2 4. 53 m.). 

disinte- | 

| slowly; are coagulated 
after 22 h.; no move- 
ment seen. 

Slight swelling after 22 
h.; active movement at 
first; movement lasts 

| ca, 2h. (2 &.). 

| Swelling after 22h. is 
|greater than in gs%55 
| FeCls; active movement 
| at first; lasts more than 
| 7h. (7%. 26 m.). 

After 22h. disintegra- 
| tion is greater than in 
| xyktoy FeCly: considera- 
| ble movement remains 
|after 2h. (2 4. 
| 50 m.). 

50 m. 
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Of the above three trivalent cations Fe’ exceeds Cr in coagulative 

activity and Cr exceeds Al; the most favorable concentration for anti- 

toxic action is thus higher with Al than with Cr, and with Cr than with 

Fe’. The high antitoxic effectiveness in such low concentrations is 

partly a function of the trivalence; yet the difference between the 

individual cations proves that another factor, or set of factors, is im- 

portant. Of these the chief is in all likelihood the decomposition 

tension, which, according to Ostwald and Wilsmore, is comparatively 

high for Al. I have at present no exact data for Cr and Fe; the 

physiological indication is that Cr has a lower decomposition voltage 

than Al, and Fel” than Cr. The value for Fe’”’, according to Le Blane, 

lies about 0.28 volt lower than Fe’, which is +0.063, 1. €., Ca. —O.217, 

a value like that of the H-ion.' 

In a similar series with ¥ Na,SO, less favorable action was ob- 

tained, and the optimum concentrations of the antagonizing cation 

were in all cases higher than with ¥ NaCl. These were with Al: 

mL wi, (movement lasted 51m.); Cr: goo 0 ™— (movement lasted 
800 1600 

sh. 20m. and 51m. + respectively); Fel”: lt, (movement for 50 m.). 

The prevention of swelling also required a higher concentration of 

the antagonizing cation than in the case of NaCl. These differences 

are apparently correlated with the more energetic activity of the 

bivalent SO,-ion, which requires for counteraction higher concentra- 

tions of the opposed cation. This is another instance of a rule which 

has already been exemplified in the experiments on the antitoxic 

action of acid. 

With salts of the tetravalent metals thorium and tin (in stannic com- 

pounds) similar results were gained, though a less favorable antitoxic 

action was found. Th(NO,), and SnCl, were added to solutions of 

NaCl and Na,SO, in the same graded proportions as in the above tabu- 

lated series. Th(NO,), exhibited a favorable action in yf; # solutions 

of NaCl at concentrations of yygo0 to oes: in all of which propor- 

tions movement lasted for rather more than an hour. With SnCly 

asimilar action was found in concentrations of 37255 t© rossn0 MOVE; 

ment lasting from thirty to forty-five minutes in these solutions. 

With Na,SO, as the toxic salt, it was not’ possible to prolong move- 

ment to the same degree, and the results were less decisive. With 

wt Na,SO, and SnCl, in concentrations of =2> and yaso0» MOVE 

ment lasted for thirty-four and fifty-three minutes respectively, —an 

undoubted antitoxic action. It is again to be noted that the optimum 

1 Cf. Le BLANC: Elektrochemie, 3t Aufl., 1903, P- 225- 
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concentration is greater than with NaCl. We also see here again the 
characteristic effectiveness of plurivalent cations in extremely low 
dilutions. Th and Sn'Y resemble Fe’ rather than Cr or Al, their 
most favorable action being manifested in lower dilution than with 
the last two cations. It should be added that their action in pre- 
venting swelling shows the same peculiarities as that of the trivalent 
cations. 

Antitoxic action of chromates and permanganates. — The coagulative 
action of chromates, permanganates, tungstates, and other similarly 
constituted salts, especially in acid solution, is evidently dependent 
on the anion part of the molecule. There is little doubt, however, 
that these salts in solution undergo a somewhat complex dissociation, 
and give rise to the plurivalent cations Mn, Cr, Wr; there is good 
reason to ascribe the typical coagulative and oxidative action to the 
presence of these ions.1| According to the conception of antitoxic 

TABLE XVI. 

SOLUTION: PURE 45,m NACL. 

Concentration 
of added 

antitoxic salt. 
KMnQ,. 

1. Pure 4; NaCl | Movement has almost ceased 
after 13 m.; cells are beginning 
to detach after 23 m.; move- 
ment has then practically ceased 
(23 m.). 

Pract A little movement after 2+m.; | A trace of movement after 15 m.; 
no coagulation; swelling is | filaments are discolored and un- 
more gradual than in pure solu- | swollen after 20 h. (15 m.). 
tion (24 m.). 

29005 A little movement after 34m.; | Active movement at first; has 
swelling is more rapid than in | ceased by 15 h.; filaments are al- 
rise KoCrO, (34 m.). most eeeralley after 20 h. (ca. 

15 m.). 

LL 

0000 A little movement after 1 h.| Movement active at first: a little 
27 m.; considerable swelling | remains after 44 m.; swelling 
(LA. 27 m.). is considerable after 20 h., though 

less than in control (4 .). 
30005 Active movement at first, a| A little movement after 33 m.: 

little movement remains after | swelling as in preceding solution 
Zh. 52 m. (2 4. 52 m.). (33 m.). 

santec A little movement remains) A little movement after 45 m.; 
after 49 m. (49 m.). swelling considerable after 20 h. 

(45 m.). 
a200080 A little movement remains | A little movement after 33 m. 

after 35 m. (34 m.). 

' Cf. MATHEWS: This journal, 1904, xi, p. 

(33 m.). 

Le} ue ~“ 
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action advocated above, such salts, when added to solutions of Na- 

salts, should exhibit antitoxic action in extremely low dilution. 1 

have tested this in the case of potassium permanganate and potassium 

chromate with the results indicated in the foregoing table. 

The action is more distinct with K,CrO,, which has a weaker coag- 

ulative action in the dilutions employed. Both salts show definite 

action at dilutions of ygo000 OF EVEN seouoo: We may hold that the 

presence of powerfully acting cations is indicated by these experi- 

ments, which may accordingly be regarded as confirming the view 

that the plurivalent Cr-and Mn- ions (hypothetically hexa- and hepta- 

valent respectively) are among the products of dissociation. Ions of 

such high valence should be expected to exhibit a most powerful 

physiological action ; their active oxidizing properties are no doubt 

dependent on this peculiarity, which almost necessarily involves a 

very low decomposition voltage. 

VII. SwELLING ACTION OF ANIONS. 

The following records are given to indicate the comparative ac- 

tivity of the various anions in promoting absorption of water in 

solutions of their sodium salts ; afterwards the minimum concentra- 

tion of acid needed to prevent or markedly to retard this action is 

given. It will be seen, as already mentioned, that in general the 

concentration of acid at which antitoxic action is most favorable coin- 

cides approximately with that needed to produce a marked retarda- 

tion of the swelling action yet without producing coagulation. 

Swelling phenomena are conspicuous in the action of pure isotonic 

solutions of sodium salts ; salts of other alkali metals exhibit the 

same action, as do also, toa less degree, solutions of calcium, magne- 

sium, and barium chlorides among the alkali earth salts. In the 

above sodium salts the rapidity of this action varies greatly in the 

different solutions. The visible effect is a rounding and eventually a 

detachment of the ciliated cells. Thus the epithelium of a gill fila- 

ment that has lain for some time (e. g., one hour) in (¢. g.) ¥ a NaBr 

solution is found to be largely transformed into a mass of rounded, 

partially detached, and loosely cohering cells. Later the cells undergo 

still further swelling, which in course of time leads to complete disin- 

tegration. These effects are produced still more rapidly in solutions 

of Nal, while NaCl is less active than either. 

The nature of the phenomenon and its variation in different salts 
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is best indicated in the accompanying table, which is summarized 

from the results of a large number of independent observations. It 
thus appears that the degree of swelling action is constant and spe- 
cific for each salt, and is dependent on the peculiarities of its anion- 

In the series with K-salts the relative activities of the various salts in 
producing swelling proved practically identical with those given here 
for Na-salts. 

TABLE XVII. 

1.3 NaCl . . . Usually the cells are sufficiently swollen within an hour to render 

the contour of the filament uneven from the projecting cells, a 
few of which may have detached themselves by then ; this round- 

ing and detachment are, as a rule, not distinct until several 

hours later. Swelling and detachment are well marked after 
20 to 24 h. 

2.4% NaBr . . . Swelling is decidedly more rapid than with NaCl, and numerous 

cells are rounded and detached after an hour; in 5 or 6 h. 

the filament takes the appearance of a relatively voluminous 

mass of detached cells. Disintegration is very complete after 
24 h. 

3.3% Nal. . . . Swelling is decidedly more rapid than with NaBr, rounding and 

detachment being conspicuous within 30 m. or less; within 2 

or 3h. the epithelium is a voluminous mass cf partly disinte- 

grated swollen detached cells. After 7 or 8 h. the filament has 
the appearance of a swollen and almost structureless mass of 

disintegrated cells. 

4. 3NaNO,; . . Swelling is well marked after 30 m.; the action is more rapid than 
twith NaCl, and less so than with NaBr; rounding and detach- 

ment of cells take place as in NaBr, but more gradually. 

5. # NaClO; . . Is very similar to NaNO, in its action, — intermediate between NaCl 

and Nabr. 

6.3% NaBrO,; . . Swelling is very rapid; marked swelling and detachment and partial 

disintegration have taken place within 15 m.; disintegration is 
more rapid than with Nal. 

7.3% NaCNS . . Marked swelling and detachment of cells after 15 m.; swelling is 
very rapid; after 5 h. filaments are voluminous masses of 

swollen, detached, and disintegrated cells. Like NaBrQOg in its 

action. 

8. % NaNO, . . Apparently similar to NaBr in its action; rather more active than 

NaNOzy (2 observations). 

9. NaCOOCH, . Exhibits relatively slight swelling activity; is decidedly less active 
than NaCl, —swelling is not conspicuous for some hours. After 
20 h. there is considerable rounding and detachment, though 
always less than with NaCl. 

10. § NagSO, . . Swelling action is in general similar to that of NaBr, though less 
energetic. Disintegration is marked after 20 h. 

— Il. ¥NayS,03;. . Action is in general like that of NaySO,. 
12. ¥ Na,SO3; . . Swelling action appears relatively weak, —less than that of Na,SO, 

(2 observations). 
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TABLE XVII (continued). 

13. 3 NagCyH,Og. Very slight swelling action (less than NaCOOCH,g); after 20 h. 

filament as a rule) almost smooth with few or no detached cells. 

14. ¥ Nag citrate . Almost no swelling occurs, the contour of the filament remaining 

smooth after 24 h. or more. 

15. NasH—PO, . . Similar to citrate; little or no swelling action. 

16. NasHAsO, - Similar to NagHPO,. 

17. NagFe(CN)« - Practically no swelling after 24 h. or more. 

18. NayFe(CN)¢ - Practically no swelling action. 

The following table gives records of a number of experiments with 

various chiefly monovalent sodium salts in which the concentration 

of acid just necessary to prevent swelling was approximately deter- 

mined. Higher concentrations produce coagulation (cf. Table XIII). 

It will be seen that acid of half this concentration has well-marked, 

and in some instances the optimum, antitoxic action. 

TABLE XVIII. 

,l.@ NaCl. - + xruo HCl prevents swelling and slowly coagulates the filaments. In 

pitgp HCl swelling is just prevented: movement lasts 28 m. 

After 19 h. filament retains smooth contour. Cells are un- 

swollen; filaments are slightly whitish. In sy¢00 HC] cells 

swell, though gradually ; movemen
t lasts 66 m.; after 19h. there 

is considerable swelling. (In the series on p. 113 the most favor- 

able concentration for movement was c7. 00006 » HCL (xceu) 

where swelling was slight after 17h. In .0009 vw HC) (atx 

swelling was entirely prevented.) 

.m@NaBr . + x00 HCl coagulates slowly. yios HCl almost prevents swelling, fila- 

ments remaining translucent and almost smooth in contour 

after 19 h. Movement lasts for more than 7 m. and lessethan 

21 m. In 42, HCl swelling is gradual; is considerable after 

19h. Movement lasts 65 m. 

BS) Nal’. = = Bto0 HCl coagulates slowly} yi SEEMS almost the neutral point, fila- 

ments are unswollen after 18 h.; at s265 there is slight swelling 

after 19 h., movement is favored (> 20 m.). 7%; HCl is most 

favorable; swelling, though much retarded, is more rapid than 

in glia; cells are much swollen after 19 h. Movement salts 

more than 65 m. 

4.m™NaNOg . - xo00 HCl slowly coagulates filaments which are white, opaque, and 

unswollen after 18 h. 3365 1ICl almost prevents swelling ; a 

little swelling is evident after 18 h. Movement lasts more than 

30 m. in this solution. In goo HC] swelling is more rapid; 

movement is favored, but less so than in yy HCl. In yaao0 

swelling is still more rapid. 

.mNaClO3. .- rm" HC] coagulates filaments within 7m. 2%, HCl does not coagu- 

late, but retards swelling greatly; latter is fairly well marked 

after 18 h, Movement lasts 21 m. In y2%u and ,w, HCl condi- 

tions are more favorable for movement, though swelling is 

more rapid. 

to 

mn 
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TABLE XVIII (continued). 

6. 3 NaBrO, . ,@, HCl coagulates gradually; ,”, {Cl almost prevents swelling; fila- 

ments are unswollen after 1 h., though considerably swollen 

after + h.; in ,”, HCl swelling is more rapid, though greatly 

retarded as compared with the pure solution; this concentra- 

tion seems most favorable for movement which remains fairly 

active after 7 m. 

7.3 NaCNS. . ,", HCI coagulates slowly; in ,”™, HCl filaments swell gradually; in 

aig With fair rapidity; movement is a little prolonged at this 

concentration. Swelling in the pure solution is very rapid. 

(A second trial gave the same result; .”, HCl prevents swell- 

ing; in ,j,, HCl gradual swelling occurs.) 

8. 7 NaCOOCH; 4, HCl gradually coagulates; at y”, HCl filaments swell gradually, 

movement, however, was not prolonged in this series; at 

guy and 4”, movement is prolonged, especially at latter concen- 

tration (35 m.+). ,”, HCl also prolongs movement (35 m. +). 

9. f NaoC,H,O,. % HCl was not sufficient to coagulate filaments. So also with 

citrate ; there was slight antitoxic action at ¥, and "", HCl. 

10 7 Na,SO,. . .”, coagulates gradually; 2%, almost prevents swelling —a few cells 

are detached after 22 h.; in ,”,, there is slow swelling. Move- 

ment is most favored at ,”, and ,™, (ca.17 m.). In % NagS.Oz 

gua HCI also practically prevents swelling without coagulating ; 

in ,”, swelling is considerable after 18 h.; this is the most 

favorable concentration for movement (see Table XIII). 

Thus the general result appears that a concentration of acid suffi- 

cient markedly to retard swelling, but insufficient to produce coagula- 
tion of the cell-proteids, is in almost all instances that which has most 
effect in prolonging movement. The “‘antitoxic ” action is in fact 

to be regarded as largely due to the retarding influence which 

the H-ions exercise on the disintegrating or liquefactive tendency of 
the anion of the toxic salt. Thus we see that the more powerful the 
action of these anions, the higher the concentration of H-ions neces- 
sary to counteract their action, — 7. ¢., the more acid must be added to 

produce the most favorable antitoxic effect. This isseen most clearly 
in the series of salts with monovalent anions. The order of increas- 
ing effectiveness in producing swelling —which is to be regarded 
as indicating the relative activity of the anions (these being present 
in % solutions in practically the same concentration, since the dissoci- 
ation of such salts is almost equal) —is substantially as follows: 

COOCH,, Cl, NOs, ClO,, Br, I, CNS, and BrO,; I, BrO,, and CNS 
are closely similar in their behavior. COOCHsg is less active, and 
NO; and ClO, are somewhat more active than Cl. Accordingly, in 
order to neutralize the swelling tendency, or to procure distinct anti- 
toxic action, Cl requires least acid, ClO, and NO, somewhat more, 
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Br somewhat more than these, I apparently about the same as Br 

(perhaps a little more), and CNS rather more than I. The quantity 

of HCl added practically represents in the case of the majority of 

these salts the concentration of H-ions in the solution, since the cor- 

responding acids are all strong except HBrOs; and HCOOCHs. In 

the case of NaBrO, and NaCOOCH; the resultant acid dissociates 

slightly, and hence more HCI must be added to produce a sufficient 

concentration of H-ions. This is seen also with salts of weak organic 

acids, as tartrate and citrate. With salts of acids of approximately 

equal strength the degree of physiological activity exhibited by the 

anion is what determines the proportion of acid or of other salt (e. 

MgCl, ; see above, p. 108) needed for antitoxic action. 

Antitoxic action with acid is found in solutions of sodium salts and 

possibly also in those of lithium, though I have as yet few data on the 

behavior of Li-salts. Conditions are different in those of potassium : 

thus it was found that addition of aikali or acid to pure % KCl failed, 

in any of the concentrations employed, to increase the favorability of 

the solution. This result agrees with that mentioned above for ex- 

periments with mixtures of magnesium and potassium salts. 

Nature of antitoxic action with other salts. —Is the antitoxic ac- 

tion of other cations also due to their counteracting the swelling 

action of the anions? It seems doubtful that the favorable action can 

be due to his factor alone, since otherwise it would be difficult to 

explain why the H-ion, which in appropriate concentrations may 
com- 

pletely prevent swelling without causing coagulation, has only a lim- 

ited antitoxic action. It is possible that acid may be injurious on 

account of its checking respiration or otherwise interfering with the 

metabolic processes concerned in the production of the energy re- 

quired for the movement. But in all likelihood there exist in (é.g-) a 

pure % NaCl solution several independently injurious conditions, of 

which the disruptive tendency due to swelling is only one. If this 

can be checked, the result is favorable, as we have seen; yet the 

totality of conditions may remain injurious to the tissue and so 

unfavorable to movement. The heavy metal and the trivalent and 

tetravalent cations appear also to owe a large part of their antitoxic 

efficiency to their action in retarding swelling (see Table XIX), © 

and the mechanism of their action is probably in large part similar 

to that of the H-ion. In the concentrations in which these salts have 

the most effective antitoxic action, swelling and detachment of cells 

are greatly retarded (as compared with the, pure m NaC)), although 
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not entirely prevented ; and a concentration sufficient to coagulate 

the filaments is always too high for antitoxic action. The same re- 

lation holds in part as with the H-ion; this was especially evident 
with the trivalent and tetravalent metals and the salts of Cd, Zn, Ni, 

Co, Pb, Mn in the experiments of Tables V, VI, and XV above. 

In the case of the alkali earth metals and magnesium, whose salts 

are by far the most effective in antitoxic action, the characteristically 
high degree of favorability must be due largely to some other factor 

mW or factors, since even pure “s solutions of the chlorides induce swell- 

ing, though more slowly than the salts of the alkali metals. In 

favorable mixtures of % NaCl and an alkali earth chloride (of Be, 

Mg, Ca, Ba, or Sr) swelling is greatly retarded and detachment of 
cells is gradual, the filament retaining smooth contour and normal 

appearance for at jeast several hours, while the cilia remain vig- 

orously active. Nevertheless the mere prevention of swelling is 

probably a subsidiary factor here ; for even in favorable mixtures of 
% NaCl and % MgCl, numerous cells become rounded and detached 

in the course of a few hours; notwithstanding this, many of these 

cells exhibit active ciliary movement while floating freely in the solu- 

tion. Apparently some other peculiarity of action is responsible for 

the high antitoxic efficiency of these cations. What this is, is at 

present difficult to say: the ciliary substance is in some manner en- 
abled to preserve a state of physical consistency (of possibly spe- 
cial permeability or non-permeability to certain ions) favorable to 
contraction. 

In the series of Tables IX and X (various 5 Na-salts with 2 and 
7) MgCl,) swelling was greatly retarded in all the solutions contain- 
ing MgCl, relatively to the pure solution; yet the characteristic dif- 
ferences in the swelling action of the various anions appeared as 
before. Numerical comparisons are hardly possible with data of this 
kind ; but the solutions admit of a classification on the basis of their 

unequal swelling action somewhat as follows: (1) those in which 
swelling was either absent or slight, only a few cells at most being 
detached after twenty-four hours; this class includes all of the salts 
with plurivalent anions, even Na,SO,—tartrate, sulphite, thiosulphate, 
citrate, phosphate, arsenate, ferrocyanide, ferricyanide — acetate and 
chloride; (2) salts in whose solutions a considerable but not large 
number of cells are detached in the same time, — nitrate, chlorate, 

bromide; and (3) salts which produce marked swelling so that disin- 

tegration is rapid and a voluminous mass of detached cells is formed, 
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—jodide, sulphocyanate, bromate; of these bromate seems most 

effective, The order of effectiveness in producing swelling is thus 

practically the same as that observed in pure solutions of potassium 

and sodium salts with various anions (cf. Table XXI, p. 136), although 

the process itself is greatly retarded by the action of the antitoxic 

salt. 

The general order of effectiveness of anions in producing swelling of 

the living cells, as deduced from the above and the earlier series of ex- 

periments, is essentially as follows (order of increasing action) : fluo- 

ride, the above inactive plurivalent anions, tartrate, acetate, chloride, 

nitrate, chlorate, sulphate, bromide, iodide, sulphocyanate, bromate. 

It is noteworthy that this order corresponds closely with that given by 

Hofmeister and by Pauli for the relative effectiveness of anions in 

furthering the swelling of gelatine plates,? in raising the melting-point 

of gelatine solutions,® in anti-precipitating action (in solutions of alkali 

salts) on proteid solutions,? and in furthering proteid precipitation 

in solutions of alkaline earth and heavy metal salts® (z. e., when the 

precipitating salt is such as to give the colloid particles a positive 

charge®). Pauli gives the following series as indicating the order of 

activity of the anions in these relations: fluoride < sulphate < phos- 

phate < citrate < tartrate < acetate < chloride < nitrate < chlorate 

< bromide < iodide < sulphocyanate. Bromate, according to my 

determinations, comes after sulphocyanate. In the case of the salts 

with monovalent anions the above order of toxicity corresponds closely 

with the order of activity in producing swelling of the ciliated cells; 

this fact indicates that the toxic effect of these salts is largely de- 

pendent on this latter action. The case of the salts with trivalent 

1 The relative inactivity of the salts with polybasic acid is possibly due largely 

to the presence of relatively few plurivalent anions in solution, dissociation being 

chiefly into (e.g.) Na+ and Na,C,H;07, Nat and NaHPO,, etc., these anions 

being in all likelihood relatively inactive, or having difficulty in penetrating the 

cell. 

2 HorMEISTER: Archiv fiir experimentelle Pathologie und Pharmakologie, 1899; 

xxvii, p. 395; and /ézd., 1891, XXViii, p- 210. 

’ Paul and Rona: Beitrage zur chemischen Physiologie und Pathologie, 

1902, ii, p. 1. 

4 Pau: /bid., 1902, ill, p- 

6 PauLt: /bid., 1903, V, P: 

25. 

7; and 1905, vi, p- 233- See also POSTERNAK, 

who obtained a similar order of effectiveness of anions in the precipitation of pos- 

itive proteid hydrosols : Annales de l'Institut Pasteur, xv, 1901, P- 85. 

6 Cf. BILLITZER: Sitzungsberichte der Kaiserlichen Akademie der Wissen- 

schaften, mathematisch-naturwissenschaftli
che Klasse, 1904, cxiii, p- 1201. 

5 

5 



The Relation of Lons to Contractile Processes. 129 

anions shows, however, that tdéxicity may be independent of swelling 

action. The reason why increase of valence as such should interfere 
with swelling is not evident; yet it can scarcely be a coincidence 

that in the above series all of the plurivalent anions are relatively 

inactive in producing this change. In my own determinations the 

sulphate had a well-marked swelling action similar to that of bro- 

mide. In other respects, however, the correspondence with Pauli’s 
series is a close one, especially as regards the relative activities of the 
series of monovalent anions. 

VIII. Antiroxic AcTIon oF ANIONS. 

We have seen above that in the case of salt solutions whose toxicity 

is due to the preponderating action of the anion the addition of salts 

with active cations retards the poisonous action, — or, as we have ex- 

pressed it throughout (after J. Loeb), has an antitoxic action. Many 

salts are destructive to physiological processes for a precisely oppo- 

site reason; in their solutions the action of the cation preponderates, 

and the total action is accordingly coagulative. This is true of solu- 

‘tions of heavy metal salts and salts of trivalent and tetravalent metals. 
The alkali earth metals appear, in their action on the ciliated cell, 

almost intermediate between the above two classes; the action of their 

chlorides is apparently partly coagulative and partly liquefactive, 

depending on the nature of the colloids concerned. 

The question now to be considered is: can the toxic action of pure 

solutions of these salts be diminished by the action of ions that 
check or retard coagulative changes? The alkali earth chlorides 

offer the best opportunity for testing this question. With % solutions 

of CaCl,, MgCl,, and BaCl, we should expect that addition of a little 

acid would check the slight swelling action and so prove favorable. 

On the other hand, addition of alkali or of salts with strongly acting 
anions (BrO,, CNS, CN, etc.) should retard whatever coagulated 

action there is, and should therefore prevent the slight coagulative 

action of “5 SrCl,, and so lessen tie injurious action of this solu- 

tion. The following experiments were designed to test these 
possibilities. 

In the case of solutions of calcium and apparently also of magne- 

sium salts the results are somewhat equivocal, since both acid and 

alkali may have a favorable action in proper concentrations. With 
™ SrCl,, on the other hand, a distinct antitoxic influence is exercised 
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by alkali and by a considerable number of salts with powerful anions, 

while acid is quite devoid of such action. The results with this salt 

are thus in accordance with the theory that the present form of anti- 

toxic action depends on an approximate equalization between the 

opposed actions of the two sets of oppositely charged ions in the 

tissue. 

In pure % solutions of both MgCl, and CaCl, ciliary movement 

may last for several hours; the same is true of BaCl,; while in % 

SrCl, movement ceases within a few minutes after immersion in the 

solution. The swelling action is also characteristic. In solutions of 

the first three salts the cells swell gradually, and after a few hours 

considerable numbers are found to be rounded and detached. This 

action is more rapid in MgCl, than in CaCl,, and in CaCl, than in 

BaCl,; in the latter salt there is usually relatively slight detachment 

of cells after six hours, while in the former two the action is well 

marked after this interval. On the other hand, in % and even in 

yi; m and x5 ™ SrCl,, the cells remain permanently unswollen, and the 

flaments retain their smooth contour, after a few hours they are 

found to be perceptibly whitened and to exhibit a certain opacity 

indicative of a partial coagulation; the prevailing change is thus 

evidently in a direction the reverse of that caused by the first three 

salts. In all these solutions swelling is much less rapid than in 

solutions of salts of the alkali metals. 

In determining the conditions of antitoxic action in solutions of 

these salts the following was observed in general: in a number of 

experiments with solutions of CaCl, a trace of acid was found to pro- 

long movement somewhat (¢.g., from ca. 6h. in pure m CaCl, to ca.
 34 h. 

in % CaCl: + 3300 HCl) apparently by checking the swelling action ; 

but in order to produce distinct and well-marked antitoxic action 

the addition of salts with strongly acting anions was required. In 

m BaCly acid had apparently no antitoxic action in any concen- 

tration; the same was true of % SrCl, where swelling does not 

occur. In solutions of the latter salt addition of certain salts with 

powerful anions prevents the coagulation and induces swelling; if 

the proportions are favorable, the antitoxic action is then very de- 

cided. In my experiments with ” MgCl, the antitoxic action was 

not so well marked; no distinct results appeared with acid; but 

with alkali and certain salts (NaBr, KCN) definite antitoxic action 

was observed, apparently due-to the anions. 

In the explanation of why slight addition of acid should favor 
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ciliary activity in CaCl, solutions, it must be assumed that the 
presence of H-ions in low concentrations hinders some destructive 
action of the pure solution. Since H-ions do in fact hinder the 
swelling of the cells — an effect evidently due to their possessing an 
anti-swelling or coagulative action —it seems probable that their 
favorability in this instance is due to some such action. The struc- 
tures concerned in ciliary movement consist in all likelihood partly 
of colloids that are caused to swell by CaCl, solutions; prevention of 
this action would be favorable to preservation of the contractile 
structures and hence to continuation of movement. On the other 
hand, the fact that salts with active anions have a more pronounced 
antitoxic action seems to indicate that the chief colloid structures 
concerned in the contractile activity undergo a change of the reverse 
kind in ¥ CaCl,; this is on the assumption that the favorable action 
of the anions depends largely on their checking such coagulative 
changes, — which seems clearly indicated in the experiments with 
 SrCl, below. In my studies on the Ctenophore swimming plate 
I have found that the fibrillar substance of the plate remains white 
and unswollen in % CaCl,, indicating a preponderantly coagulative 
action. In view of the resemblance between this tissue and cilia 
it seems probable that here also this salt has a slowly coagulative 
action on the colloids directly concerned in contractile activity (per- 
haps on those forming the substance of* the cilia themselves), 
although its action on other cell structures may be, on the whole, of 
the reverse character — hence the gradual swelling of the entire cell. 
If this surmise is true, anions act favorably by checking coagulation 
of the ciliary substance in ¥ CaCl,. 

Antitoxic action of anions on solutions of alkali earth chlorides. — 
Addition of alkali to % CaCl, has a distinctly favorable action 
through a certain range of concentrations. In one series of experi- 
ments, in which sodium hydroxide was added to % CaCl, in a series 
of graded concentrations ranging from ;?*; to ;,%., movement was 1600 
markedly prolonged in the last three concentrations (NaOH to sa00? 
giv0 and 33350). In ;%, NaOH swelling and detachment of cells 
were greatly accelerated ; after one and a half hours many cells were 
rounding and detaching, and movement had almost entirely ceased 
after six hours and thirty minutes. Swelling was progressively less 
rapid as the concentration of alkali decreased, although in all cases it 
was decidedly accelerated relatively to the control, % CaCl,. Move- 
ment remained in 5755 and ;%> NaOH after eighteen hours and 
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forty-seven minutes; in wo NaOH conditions were less favorable, 

though movement was distinctly more active than in the control after 

six hours and twenty-seven minutes. In this last solution (neutral 

m CaCl,) movement was fairly active after six hours and twenty-five 

minutes; it had ceased and disintegration was well advanced after 

eighteen hours. Then the hydroxyl ion, while promoting swelling, 

also favors activity in 4 CaCl. 

We have now to determine whether the presence of other definite 

anions in the solution has a similar effect. This was tested as fol- 

lows: the solution of the sodium salt whose anion was to be tested 

was added to the.” CaCl, solution in graded concentrations as above. 

In most instances the sodium-salt solution was added in insufficient 

quantity to reduce the concentration of CaCl, more than very slightly. 

That the Na-ion is not the effective agent is shown by the fact that 

adding sodium chloride in equivalent concentrations does not produce 

the effect observed. 

In the following (Table XIX) the results of two series of experi- 

ments with sulphate, tartrate, and citrate are given. Salts with biva- 

Jent and trivalent anions were used with a view to obtaining indications 

ef the possible importance of valence in the antitoxic process. 

TABLE XIX. 

The results of two independent series are incorporated in this table. In series A sulphate 

and tartrate were used in the two concentrations 35 and 7%; in series B the concentra_ 

tions for these salts were 7p Fo and 725. In both series citrate was used in concen- 

trations 7%, #o and 7go- 

1. Pure 48; 7 Ca€l. A: almost ceased by 4 h. 43 m. B: almost ceased by 4h. 48 m. 

(Ca. 5 h.). 

9 vol. 3%; # CaCl, + 1 vol. % Na SOx (35). A (slight precipitate CaSOy,): active, 

Jong-continued movement; a little movement after 43 h. 50 m. (43 h. 

50 m.}. 

3. 19 vob. x85 # CaClo +1 vol. # NagSO, (75). A: action similar to Solution 2; a little 

movement after 43 h. 50 m. B: a little movement after 41 h. 14 m. 

(A: 43 4. 50 m.; B: 41h. 14 m.). 
; 

4. om CaCl, + Na SO, to ¥- LB: rather less favorable than Solution 3; trace of move- 

ment after 4) h. 14m. (41 h. 14 m.). 

fs m CaCl + NagSOy to yoo: B: less favorable than Solution 4; fairly active after 

tw 

wn 

19h. (19 h.). 

6. 9 vol. y%5 m CaCly + 1 vol. B NagCyH40o (gh). A (some Ca tartrate crystallizes 

out): active long-continued movement as in Solution 2; active after 

43h. 50 m. (48 &. 50 m.). 

7. 19 vol. x8; m CaCle +1 vol. # NagCyH 05 (m) (a little Ca-tartrate crystallizes out). 

A: action like Solution 6; long-continued movement; a little remains 

after 65 h. 43 m. B: a little movement after 41 h. 10 m. (A: 65 h. 

43 m.; B: 41h. 10 m.). : 
i 
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TABLE XIX (continued). 

8. Yo m CaCl, + Na,C,H,0, to ™: B: like Solution 7, though apparently less favor- 

able; a little movement after 41 h. 10 m. (10 4. 41 m.). 

9. yW5 m CaCly + Na,CyH,O, to y",. B: less favorable than Solution 8; fairly active roo" 

after 19 h. (19 4. +). 

10. 9 vol. x5 m CaClp +1 vol.” NasCgH;0;. A. (alittle precipitate of Ca-citrate) a 

little movement after 4 h. 55 m.; ceased by 18 h. (4 2. 55 m.). 

11. 19 vol. 5 # CaCl, + 1 vol. * NasC,H;O; (™). A: active movement at first; a little 
movement after 24h. B: a little movement after41h.13 m. (A: 244.; 
B: 414. 18 m.). 

12. 4% m CaCl, + NagC,H,;0, to ™. A: more favorable than Solution 11: a little move- 

ment after 43 h. 51 m. B: a little movement after 41 h. 14 m. (A: 

434.51 m.; B: 41h. 14 m.). 

13. 4% m CaCl, + NagC;H;O, to .™,. A:a little movement after 43 h. 51m. B: a little 
movement after 4] h. 14m. (A: 434.51 m.; B: 41h. 14 m.). 

In a third similar series with % CaCl. even more favorable re- 

sults appeared. In presence of 2 Na,SO, a little movement was 
found to remain after eighty-six hours; and movement lasted for the 
same period in solutions containing tartrate and citrate in the propor- 

tions #, ”. and “; in ;%5 citrate solution some movement persisted 

after sixty hours and forty-two minutes. 

The above salts thus exhibit well-marked antitoxic effectiveness in 

CaCl, solutions. The indications are that the citrate, which yields a 
certain number of trivalent anions in its solutions, is more effective 

in low concentrations than the tartrate or sulphate. Increase of valence 

seems generally to impart physiological effectiveness to an ion, 
whether this be due to the presence of a greater number of charges 

within the volume occupied by the ion, or to an incidental decrease in 

its electrical stability resulting from increase in number of charges. 
Valence, however, does not seem a factor of so great importance in 

the case of the anions as of the cations. 
On reference to the table on page 103 (Table VIII), it will be seen 

that mixtures of nine volumes % CaCl, and one volume % NaCl are 
more favorable than the pure % CaCl, The same is seen in corre- 
sponding mixtures of % BaCl,,and MgCl, (Tables VIII, XI) with % NaCl. 
In this solution the concentration of Cl-ions is only slightly different 
from that in pure % CaCl,, while that of the Ca-ions is reduced by 
almost 10% ; the effective action of the anions is thus increased, since 
Na is a less active cation than Ca which it replaces. The addition of 
‘NaCl thus appears to have an antitoxic effect which some might con- 
sider due to the Na. But that the effect is in reality chiefly due to 
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the increased anion action is indicated by the following series of ex- 

periments, in which it is shown that the bromide has a much more 

effective action than the chloride under the same conditions. 

TABLE XX. 

ps m CaClo. Trace of movement after 18 h. (28 h.). 

9 v.  m CaClo + 1 v. fm NaCl. After 18 h. movement is considerably more active 

than in Solution 1. Movement has practically ceased by 42 h. (42 #.). 

3. Ov. fy m CaCle + 1 v- $5 m NaBr. Action is distinctly more favorable than in Solu- 

tion 2; a little movement remains after 66h. Ina repetition of this ex- 

periment a little movement remained after 86 h. 56 m. (66 4.; 87 h.). 

1. 

2. 

This marked degree of antitoxic effectiveness is to be ascribed to 

the presence of the Br-ion which, as seen above, is more energetic in 

its action (as seen by its greater effect in producing swelling, etc. ) 

than the Cl-ion. The action of the Ca is thus counteracted to a 

greater degree. The same is seen in the experiments with SrCl, and 

BaCl, below. The greater antitoxic effectiveness of the bromide in 

this relation is probably to be ascribed to the lower decomposition 

voltage of the Br-ion, since it is similar to the Cl-ion with respect 

both to valence and ionic velocity. 

The presence of small quantities of potassium cyanide is very ef- 

fective with # SrCl,, as will be seen below. In the case of 3’ CaCl, 

the cyanide produces less decidedly favorable results. Yet in low 

concentrations it certainly prolongs movement , thus in a series of 

solutions of x5 # CaCl, containing KCN in the concentrations y/o 

—a— and =zeqpu? movement was found to last distinctly longer than 

in the pure solution. Whether this action is due chiefly to the CN-ion 

(which on account of the slight dissociability of the hydrolytically 

formed HCN is present in such solutions in very low concentrations), 

or to the OH-ions (which are present in numbers almost equal to those 

of the K-ions), or to the undissociated HCN molecules, is difficult to 

say with any certainty. The increased alkalinity, no doubt, plays a 

role, since an equivalent addition of an alkali hydroxide has a similar 

effect ; yet, as will be seen more clearly in the case of SrCl,, cyan- 

ides have a more powerful antitoxic action than hydrates in very low 

concentration, so that some rdle must be ascribed to either the HCN 

molecules or the CN-ions in the solution (see the experiments with 

m SrCl, below). 

With % MgCl, the addition of alittle alkali is also favorable, although 

little can be added on account of the insolubility of magnesium 

hydrate. A distinct increase in the activity of movement and in the 
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rate of detachment of cells is seen, and the movement, in all of the 
four experiments tried, lasted decidedly longer than in the pure solu- 

tion. The addition of small quantities of sulphate, tartrate, and citrate 
as above had, however, no such decided effect as with 7 CaCl,. In 

two series of experiments with varying mixtures of 7% MgCl, and ¥ 

MgSO, (1 vol. MgCl, + 9 vols. MgSO,, 2 vols. MgCl, + 8 vols. MgSO,, 
etc.) the most favorable solutions contained approximately equal vol- 

umes of the two salt solutions; the difference from the pure solution 

of either salt was not very decided. In two experiments with mix- 
tures of 9 volumes 48, 7 MgCl, + 1 volume 75 72 NaBr movement was 

considerably prolonged,— in one case a little movement remained 

after 66 hours. ‘KCN in the concentrations 775, 925, pep00 also 

prolonged movement considerably. In general, however, the action 

of salts with active anions in prolonging movement was less striking 

than with ¥ CaCl, or SrCl,. It may be that in % MgCl, solutions 
there is a closer approach to an equality of action between anion and 
cation than in CaCl, solutions; hence antitoxic action is in general 

less marked. 
With 7 BaCl, no evidence of antitoxic action was seen with acid. 

On the other hand, addition of alkali to 8; # BaCl, proved favorable ; 

in each of the four concentrations of NaOH, aa aeaut aaa? ane 
t3,00 Movement was decidedly more active and prolonged than in 

the pure solution, lasting for more than 18 hours in each instance; 

while in the control all activity had ceased in less than 4 hours. 

The typical increase in swelling and detachment of cells is also seen 

in these solutions, to a degree proportional to the concentration of 

alkali. Of salts with active anions the bromide, cyanide, and citrate 

proved effective; in one instance movement continued for over 90 

hours in a mixture of 9 volumes 4%; 7 BaCl, and 1 volume % NaBr. 

The addition of a trace of cyanide enabled movement to continue for 
18 hours, and of citrate for 30 hours; no distinct action was obtained 

with tartrate. The almost complete insolubility of the sulphate pre- 

cludes its use in experiments with barium salts. 

The action of anions in counteracting a toxicity due to predomi- 

nance of cation action appears most clearly in solutions of strontium 
chloride. Acid has no antitoxic action, merely accelerating the coag- 

ulation which we have seen to be the effect of pure neutral solutions 

of this salt; while alkali has a most striking and decided influence. 

The following series illustrates this action; standard KOH solution 

was added to the pure % SrCl, in the concentrations named. The 
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action of each solution in promoting movement and in producing 

swelling of the cells is briefly indicated. 

TABLE XXI. 

1. Pure™SrClo -.- - Slight movement after 10 m.; ceased by 20 m. No swelling 

of filaments; filaments are white, opaque, and smooth in 

contour after 20 h. (<20 m.). 

2. ™ SrClo + ys KOH . Movement is active and cells are swelling after 1S m.; after 

42 m. movement has almost ceased and filament already 

shows marked swelling and disintegration (42 m.). 

3." SrClo+ 25, KOH . Active long-continued movement; considerable swelling after 

1h. 20 m.; a trace of movement remains after 19 h. 24 m.; 

swelling and disintegration are then marked (19 2. 24 m.)- 

4. ™ SrCly + xa00 KOH . Active movement as in Solution 3; swelling is more gradual ; 

after 20 h. disintegration is well marked, but less so than 

in Solution 3 (19 4. 24 m.+)- 

m SrClo + s300 KOH . Active movement; swelling is more gradual than in Solution 

4; after 20 h. conditions are similar to Solution 4 (29 /. 

87 m.+). 

6. ® SrClo + y2ty KOH . Movement has almost ceased by 19 h. 37 m.; swelling is rela- 

tively slight (19 4. 37 m.). 

. ™SrClo+ r2500 KOH. Active movement at first; is greatly slowed after 2 h. 30m. ; 

has almost ceased by 6 h. 30 m. After 20 h. filaments are 

even-contoured (no swelling) and slightly whitish (6 2. 

30 m.). 

8. ™ SrClo + sets KOH. Quite active movement at first; ceases within 1 h. 15 m.; 

filaments after 20 h. are opaque and white as in neutral 

solutions (<1 4. 15 m.). 

mal 

~I 

The antitoxic action is thus clearly a most pronounced one, and 

runs closely parallel to the anti-coagulative action of the alkali. In 

another series of four solutions (KOH from yoo00 '° =v) the most 

favorable action was seen at zpo0 (cilia still active after twenty-four 

hours and nineteen minutes ; at ggoo there was only slight swelling and 

movement was considerably slowed after three hours and forty-five 

minutes. In the above series y¢00 and ;2., KOH appear most favor- 

able; in;”,, KOH the swelling action is too energetic, and induces 

rapid disintegration. In a third series of four solutions of % SrCl, 

with sodium hydrate as antagonizer, the action was similarly favorable 

sn the concentrations ;24;, ys00 400) ot i355 ~«<Movement was only 

slightly prolonged. Apparently a concentration of alkali lying be- 

tween - and ;;%,, is the least that will completely prevent the 

coagulative action of the Sr-ions and so produce a marked counter- 

action of the toxicity of the pure solution. 

Solutions of potassium cyanide have an equal or even more pro- 

nounced antitoxic action. The following table summarizes the results 

of one series of experiments with this salt : 

ee 
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TABLE XXII. 

1. # SrClo +4", KCN. Movement has almost ceased after 42 m.; swelling is then well 

marked (42 m.). 

2. Y SrClo +, KCN. Movement is active and prolonged ; swelling is less rapid than 

in Solution 1; a little movement remains after 19 h. 41 m. 

(19h. 41m.). 

3. » SrClo + yfts KCN. More favorable than Solution 2 ; a little movement remains after 

. 43h. 24m. ; swelling is less marked than in Solution 2 (43 

h. 24m.). 

4. @ SrCl. + 3335 KCN. Movement as in Solution 3; after 20 hours filaments remain 

clear and translucent in appearance ; slight swelling (43 4. 

24 m.). 

5. ™ SrCl, + 4%; KCN. Apparently more favorable than Solution 4; filaments remain 

translucent ; somewhat swollen after 20h. (43 4. 24 m. +). 

6. ™ SrClo + ya8s5 KCN. Active at first; after 2 h. 16m. there remains relatively little 
movement ; after 20 h. filaments are smooth and unswollen 

and almost opaque, though less so than in pure 7 SrCly 

(24. 16m. +). 

7. & SrClo + s2igy KCN. Fairly active after 1 h. 16 m; filaments are opaque and white 

after 20 h., like pure % SrCly (14. 16 m. +). 
8° @ SrCly + sy¥00 KCN. Like Solution 7, though less active (1 4. 16 m.). 

9. ™ SrCly + i 5fkoo KCN. A little movement after 42 h.; coagulated after 20 h. as in 

pure ¥ SrCl, (42 m. +). 

The optimum concentration of KCN seems here =”, to 575. In 
another experiment movement lasted for more than eighteen hours in 

op KCN. In another series of determinations with % SrCl, the maxi- 
mum observed duration of movement in the different solutions was 

as follows: =”, KCN, five hours and fourteen minutes; ;71, KCN, 
forty-two hours and eight minutes; =”, KCN, sixty-seven hours and 

twenty-eight minutes; >, KCN, eighteen hours and twenty-eight 

minutes. The optimum here corresponds to that observed in the 

series of Table XXII. A distinct though slight antitoxic action 

is observed in concentrations of KCN so low as j537%55- 
Other salts. — Sodium tartrate added in concentrations of 2 and ”” 

had a distinct though not pronounced action in increasing activity 

and prolonging movement in '$ SrCl,. The addition of sodium bro- 
mide in somewhat considerable quantity also proved effective and to 

a greater degree. Thus in a mixture of 6 volumes ¥ SrCl, and 4 vol- 

umes “5 NaBr movement continued for eighteen hours in one experi- 

ment and for two hours and twenty-three minutes + in a second; the 
filaments showed marked swelling and disintegration after twenty 

hours. Solutions with 8 volumes ”§ SrCl, and 2 volumes ”§ NaBr were 
less favorable; in each of two experiments movement remained active 
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after forty minutes, but had ceased after five hours. With NaBr in 

lower concentrations (9 vols. SrCl, + 1 vol. NaBr, etc.) no antitoxic 

action could be seen; in these solutions the filaments coagulate. 

Sodium iodide acts similarly to the bromide. In 6 volumes % SrCl, 

and 4 volumes $ Nal movement lasted for two hours and twenty- 

two minutes in one experiment, and in another was still active 

after thirty-six minutes ; coagulation is prevented in this solution. 

In presence of less Nal conditions proved less favorable, as with 

NaBr; 9 volumes ¥ SrCl, and 1 volume % Nal proved slightly effec” 

tive. Iodide is thus more active than bromide. Slight indications of 

antitoxic action were also obtained with solutions of sodium ferro-cya- 

nide ; also with sodium sulphocyanate in 5% and yoo concentrations. 

The most effectual salts for antitoxic action with % SrCl, proved 

in all cases to be those with strongly marked anion action; thus 

NaBrO, and Na,HAsO, were found to exhibit conspicuous antitoxic 

activity. The following table illustrates : 

TABLE XXIII. 

1. 9 vol.  SrClg + 1 vol. 7 NaBrOg (74). Movement remains fairly active after 8 h. 

57 m.; filaments are translucent and somewhat swollen (9 4. + )- 

2. ™ SrCl, + 7, NaBrO3. Movement is fairly active after 1 h. 45 m.; has ceased by 2 h. 

45 m.; filaments swell, though less than in Solution (1 1 4. 45 m. +). 

3. ™ SrCly + 7 NaBrOs. Less favorable than Solution 2; movement has almost ceased 

by 1 h. 45 m.; practically no swelling ; filaments are opaque and white 

(partial coagulation) after 20 h. (1 4. 45 m.). 

4. ™ SrCl, + y@, NaBrO3. A little movement after 42 m.; coagulation as in Solution 3 

(42 m.). 

. @ SrCly + gf, NaBrOs. Similar to Solution 4 (42 m.). 

6. ™ SrClq 9 vols. + 1 vol. 7 Na,HAsO, (74). (Slight precipitate) quick vigorous move- 

ment; filaments remain translucent; fairly active movement after 3 h- 

45 m, (3 4. 45 m+). 

. ™ SrClo + 7, NagHAsO,. Quick movement at first; a little movement after 8 h. 54 m.; 

filaments swell (8 4. 54 m.). 

8. ™ SrClq + # Na,HAsOy. Active movement at first; fairly active movement remains 

after 21 h. 46 m.; swelling is then well marked (21 4. 46 m. +). 

9. @ SrClq + y@, NagHAsO,. More favorable than Solution 8; active long-continued 

movement. Fair movement after 32 h. 38 m.; swelling well marked 

after 20 h. (82 4. 88 m. +). 

10. ™ SrClo+ y35 NagHAsO,y. Vigorous and long-continued movement; more favorable 

than Solution 9; a little movement after 46 h. 6 m.; well-marked 

swelling after 20 h. (46 h. 6 m.). 

11. @ SrCly + gt, NagHAsO,. Active movement; ceases sooner than in Solution 10; 

fairly active after 28 h. 45 m.; well-marked swelling after 20h. (28 h. 

45 m. +). 

12. ™ SrClq + yin NagHAsOy. A little movement after 28 h. 45 m. ; well-marked swell- 

ing after 20 h. (28 4. 48 m.). : 

mn 

~I 
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TABLE XXIII (continued). 

13. # SrCle + sfx) NagHAsO,. Active at first; almost ceased after 19 h.; swelling less 

than in Solution 12 (29 /.). 

14. ? SrCl, + ,?}, NagHAsOy. Active at first; almost ceased after 5 h. 6 m.; fair swell- 

ing after 20 h. (5 4. 6 m.). 

15. FSrClo+ yows5 NagHAsO,. Similarto Solution 14; a little movement after 4 h. 20 m.; 

only slight swelling after 20 h. (4 4. 20 m.). 

16. 7 SrCly+477., NayHAsOy. Movement much slower after 32 m.; filaments are un- 

swollen and opaque after 20 h. (32 m.+). 

17. F SrCl + 5,5, NagHAsO,y Like Solution 16; filaments coagulated after 20 h. 

(32 m. +). 

18. 7 SrCly + ,1%5, NagHAsO,. A little movement after 31 m.; filaments coagulated 

after 20 h. (32 m.). 

19. * SrCly + ya%4z5 NagHAsO,. Less movement than in Solution 18; ceased by 30 m. ; 
filaments coagulate (6m. +-). 

Sodium arsenate thus exhibits remarkable antitoxic activity in 

solutions of strontium chloride; here again the action runs closely 

_parallel with its power of preventing coagulation; this power is still 

effective at ;,% 5, dilution; in lower concentrations the filaments 
slowly coagulate and movement is prolonged relatively slightly, 

although some slight action is evident even in ;,%,; dilution. 

Sodium bromate is less effective and requires higher concentrations. 

The superior effectiveness of the arsenate tends to confirm the view 

. that valence as such is an important factor in determining the phys- 

iological effectiveness of an ion. According to the above results 

the trivalent AsO, ion must be regarded as highly effective in this 
relation. 

Antitoxic action in solutions of other salts of plurivalent metals. — 

I have made various attempts to antagonize % solutions of AICI, and 

Al, (SO,), by means of the above salts: sodium sulphate, citrate, 
arsenate, and potassium cyanide. In all solutions the action of the 
Al-ions was prepotent, as shown by the prompt coagulation of 

the filaments and the absence of swelling; ciliary movement also 

failed to be prolonged perceptibly in any instance. The insolubility 

of aluminium hydroxide precludes the use of alkali for this purpose. 
Experiments were also made on the effects of addition of alkali and 

acid to solutions of heavy metal salts. No indication of any antitoxic 
effect was seen except in the case of manganese chloride, where the 

addition of a little alkali appreciably accelerated the swelling and 

seemed to increase the activity of ciliary movement. The action was 
slight, however; the addition of sulphate and citrate had no evident 
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action. In brief, of various attempts to antagonize salts of alu- 

minium and the heavy metals none gave decisive results. It would 

appear that in these solutions the action of the cation preponderates 

to a degree that renders its counteraction impossible by addition of 

other salts. We may infer that it is only in solutions where the influ- 

ence of the ions of one sign preponderates relatively slightly over 

that of the others that a really decided antitoxic action is possible ; 

the alkali earth salts, on the one hand, and the various relatively non- 

toxic sodium salts, on the other, exemplify this. In other words, the 

above form of antitoxic action consists, according to this view, in 

the counteraction of a relatively slight prepotency on the part of one 

or the other of the two sets of oppositely charged ions in the tissue; 

hence its possibility is confined to relatively few salts whose action is 

approximately a balanced one. In living tissues under normal con- 

ditions the balance between the two opposed ion actions must be pre- 

served by some automatic self-regulatory process of adjustment, such 

as appears in most if not in all cells to maintain the reaction of 

the protoplasm at an approximate neutrality. 

SUMMARY AND CONCLUSION. 

1. The injurious action of pure solutions of most sodium salts on 

the ciliated epithelium of Mytilus may be counteracted by the addition 

of salts of certain metals (e. g., MgCl,) to a degree varying with the 

nature of the anion of the Na-salt. Salts with the more toxic anions 

(Nal, NaCNS, NaBrOg, etc.) admit of relatively slight counteraction. 

Anions may thus be ranged in their order of toxicity. 

2. This antitoxic action is well marked with Li- and Na-salts; 

slight or absent in NH, and K-salts. 

3. Antitoxic action in solutions of Na-salts depends on the cation 

of the added antitoxic salt; the most effective antitoxic salts are those 

of bivalent metals whose cations have high decomposition tensions 

(alkali-earth metals and manganese); heavy metals are less effective; 

Fe", Co, Ni, Zn, Cd, Pb show diminishing effectiveness in this order; 

Cu, Hg, UO, are without favorable action. 

4. Acid (the hydrogen-ion) shows well-defined antitoxic action 

with a large number of Na-salts; in general the more toxic the anion 

of the Na-salt the more H-ions (or other antitoxic cations) are needed 

for optimum antitoxic action. 

5. Trivalent and tetravalent cations (Al, Cr, Fe’”’, Th, Sn!Y) ex- 
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ercise antitoxic action in much lower dilution than bivalent cations ; 

Al, Cr, and Fe!’ show optimum action in increasingly dilute solu- 
tions in this order; Th and Sn'Y resemble Fe” in their optimum 

dilution relations. 

6. The individual anions show a specific activity in producing 

swelling of cells in isotonic solutions of K- or Na- salts. The order of 

increasing toxicity of the monovalent anions corresponds with the 
order of increasing activity in furthering absorption of water. This 

emeriss COOCH,, Cl; NO; ClO, Br, I.CNS, BrO, OH. The 

plurivalent anions in general show little activity in producing swelling. 

7. <Antitoxic action with solutions of Na-salts appears to depend 

largely on the action of the antitoxic cation in retarding the swelling 

or disintegrative action due to preponderant anion action. The fa- 

vorable action thus depends largely on the production of an approxi- 

mate balance between the opposed actions of anion and cation. 

8. In solutions of SrCl, a relation appears between antitoxic 

action and the anticoagu/ative action of the antitoxic salt ; the action 

is due to the checking of a preponderant cation or coagulative action ; 

salts with active amzons thus show antitoxic action (NaOH, KCN, 

Na,HAsO,, NaBr, NaI, NaCNS). Other alkali earth chlorides show 

similar relations. 

g. In general, antitoxic action seems due to an approximate equal- 

ization of the opposite actions of anion and cation on the colloids of 

the tissue. Hence salts whose toxicity is due to predominant anion 
action require salts with active cations for counteraction and wce 

versa. 
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THE ACTION OF ERGOT UPON THE STOMACH 
AND: INTESTINES. 

By S. J. MELTZER anp JOHN AUER. 

[From the Rockefeller Institute for Medical Research.] 

INTRODUCTORY. 

laa literature on the pharmacology and toxicology of ergot con- 

tains many experimental studies, but they relate chiefly to the 

action of that drug upon blood pressure and upon the contractions of 

the uterus. Does ergot have a direct action upon the movements 

of the stomach and intestines, does it affect the motor mechanism of 
the gastro-intestinal canal, as it undoubtedly affects the uterine motor 

apparatus? As far as we could ascertain, no experiments have been 

published which deal especially with this problem. It is true, some 

text-book writers on pharmacology mention explicitly that ergot irri- 

tates the muscle fibres of the intestines, and Cushny (Pharmacology 

and Therapeutics, 3d edition, p. 477) cites Kobert, who “ observed 

that stomach and bowels contract powerfully under cornutin.” In the 
literature which was accessible to us the following is all that Kobert 

said on the subject: ‘ Stellt man einen derartigen Versuch an einem 
weiblichen Thiere an, dem man unter den néthigen Cautelen den 

Bauch geoffnet hat, so sieht man in dem Stadium, wo es beim nicht 

schwangern Thiere zu heftigen Bewegungen des Magens und Darms 

und Entleerung derselben nach oben und unten kommt, ganz ent- 

sprechende Bewegungen auch am schwangern und nicht schwangern 

Uterus auftreten.” We note here, in the first place, that the chief 

object of this statement is the occurrence of the uterine contractions ; 

the violent contractions of the stomach and intestines are mentioned 
only to indicate the stage of the intoxication. Furthermore the ap- 

pearance of violent movements of the stomach and intestines is men- 

tioned here as something known, and is noted in connection with the 

} KoBerT: Archiv fiir experimentelle Pathologie und Pharmakologie, 1884, 
Xvili, p. 336. 
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occurrence of vomiting and diarrhcea. Now the occurrence of these 

latter symptoms in intoxications by ergot is indeed a well-known fact. 

In both forms of epidemic ergotism vomiting and diarrhoea are pre- 

dominant symptoms. But their occurrence was not ascribed to the 

production of violent peristalsis by the secale poison, but to the pro- 

duction of hemorrhages and ulcerations in the gastro-intestinal canal. 

The violent movements of the stomach and intestines which Kobert 

has observed in conjunction with vomiting and diarrhoea might, 

therefore, have been only secondary phenomena due to irritating 

inflammatory processes within the gut, and the question remains 

open whether ergot can produce gastro-intestinal peristalsis as a pri- 

mary effect. 

We came across this problem while studying the effect of magne- 

sium salts upon the peristalsis of the alimentary canal. The normal 

peristalsis in the opened-up abdomen of the animal is too insignifi- 

cant and inconstant a phenomenon to rely upon in an experiment in 

which its inhibition should be satisfactorily demonstrated, In look- 

ing for means by which the normal peristalsis could be reliably inten- 

sified we had recourse to ergot, of which we had known by previous 

personal experience that in intravenous injections it is capable of 

augmenting gastric peristalsis. However, since the results which 

we have obtained in this series of experiments were indeed satisfac- 

tory, and not finding in the literature a report of experiments made 

directly upon the subject in question, we decided to carry out a sys- 

tematic series of experiments on several species of animals in which 

the action of ergot upon the gastro-intestinal peristalsis was the chief 

subject of investigation.! 

During the somewhat belated preparation of this manuscript an article ap- 

peared on the Action of Ergot? in which, among other points, the effect of 

ergot upon the movements of the stomach and intestines was also studied and 

briefly reported. While the results mentioned in that article agree in general 

with our own observations, there are abundant reasons for our belief that the 

appearance of that interesting article does not make the report of our results 

superfluous. 

Method. — The experiments were made on dogs, cats, and rabbits. 

As an ergot preparation we have employed exclusively the fluid ex- 

1 A brief report of the results was made at the last meeting of the American 

Physiological Society, December, 1905. See this journal, xv, p. Xxxi- 

2 Dave: Action of ergot, Journal of physiology, 1906, xxxiv, p- 163. 
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tract (Squibb’s) for the following accidental reason. As we stated 

above, we started using ergot, not to investigate this drug, but to 

obtain by its aid an increase of the peristaltic movements, and we 

utilized for this purpose the preparation which we had on hand. 

After obtaining uniform and positive results with that preparation, we 
preferred to continue the investigation with a product the effects of 
which we had already satisfactorily tested. (Dale made bis investi- 
gations chiefly with ‘“chrysotoxin.” He tested also cornutin (Ko- 
bert) and sphacelotoxin (Jacobj), and states that there was practically 
no difference whichever preparation was employed. ) 

The administration of the ergot was invariably carried out by the 
intravenous method. In a few rabbits this was done through the 
marginal ear vein; in all other cases the injection was made through 
a cannula in the external jugular vein. 

In the majority of the experiments the behavior of the stomach 
and intestines was observed by direct ocular inspection; in a smaller 
number of experiments the graphic method was employed by intro- 
ducing rubber balloons into the stomach and finger cots into the 
intestines. 

We have to state, however, that in our opinion the graphic method is a 
very unsatisfactory procedure in studies upon gastro-intestinal peristalsis, espe- 
cially in problems of the kind we tried to solve. In the first place, the various 
sections of the canal never show a uniform behavior, and thus it would fre- 
quently happen that, while a large part of the intestines showed various and 
variable contractions, just that piece of the gut which contained the small 
inflated balloon remained at rest most of the time ; or, what may happen more 
frequently, the balloon-bearing piece will show lively rhythmical contractions, 
while the rest of the gut will be sluggish or entirely at rest; the behavior of 
the piece prepared for graphic purposes cannot be taken as an indicator of 
the condition and behavior of the balance of the gut. Furthermore the pres- 
ence of such a foreign body as an inflated balloon in some part of the gut, the 
incision into that part for the insertion of the balloon, the suturing of this incis- 
ion, and sometimes the ligation on both sides of the balloon,— all these gross 
traumatic factors make that segment an extremely pathological sample of the 
intestine, from the behavior of which no conclusions ought to be drawn as to 
the actual physiological activity of a normal gut. In our experiments we have 
therefore relied essentially upon the results we gathered from ocular inspection 
of the entire unmolested canal, taking the precaution to draw conclusions only 
from gross unmistakable changes. 

Another difficulty we have to contend with in such experiments is the 
method by which the viscera are made accessible to our inspection or for our 
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experimentation. We are of the opinion that most investigators underestimate 

the profound effect which the simple opening of the abdomen exerts upon the 

activity of the stomach and intestines. What we see, then, even under the 

best conditions, is only a fraction of what really takes place normally. We 

shall deal with this question at another time. The effect of the opening is not 

due to the pain brought on by the incision ; it lasts many hours. 

The procedure introduced by Van Braam-Houckgeest, namely, the opening 

of the abdominal canal while the animal is submerged in a bath of physiologi- 

cal salt solution, is now considered as the best physiological method for this 

purpose. We have our doubts as to the indifference of these baths. ‘The 

solution in which the intestines of the animal swim, receives all the dirt of the 

animal’s skin, and the feeces and urine which the animal passes during the 

experiment, and certainly does not remain of a physiological indifferent char- 

acter. Besides, it is now generally admitted that the so-called physiological 

solution of sodium chloride is to a degree injurious to nerve and muscle tissue. 

Why should we assume that it is indifferent to the delicate, sensitive motor 

apparatus of the gastro-intestinal canal? Furthermore the gas-containing 

intestines have of course a tendency to reach the surface of the liquid. When 

the quantity of the latter is abundant enough, the intestines rise as high as the 

mesentery permits ; this rising causes a pull upon the mesentery, and with it a 

stimulation of the ,inhibitory nerve fibres carried by them to the intestines, 

which surely is not without effect upon the movements of the intestines. It 

seems to us that it would be rather profitable to acknowledge that the informa- 

tion derived by any single method does not give the whole truth about the 

physiology of gastro-intestinal peristalsis, but that, on the other hand, every 

method is capable of contributing some part of the truth. The bath method 

contributes one side and the fluoroscopic method another side of the complex 

gastro-intestinal activity. Furthermore, even the observation of the exposed 

viscera without any bath is apparently capable of shedding light upon our 

question. The discovery of the inhibitory function of the splanchnics and 

other important observations were made by this simple method. We shall 

mention in this paper some methods of observing the abdominal viscera which 

we have employed in this and in other researches and which are perhaps new. 

Without claiming too much for them they too might serve to bring out some 

new facts less accessible to observation by other procedures. 

As to the present research, the absolute exactness of the method is not such 

an important factor, since the aim was not so much to study the precise be- 

havior of the gastro-intestinal canal under normal conditions as to bring out 

the effect which ergot might have upon that behavior. As long as the con- 

ditions of the observations are the same before as after the administration of 

ergot, any changes in the behavior following this administration might justly 

be looked upon as the effect of ergot. However the results which we have 

obtained were tried and verified by yarious methods which we shall presently 

briefly describe. 
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In one group of animals the abdomen was widely opened, so as to 

show the stomach and all parts of the intestines. The viscera were 

kept constantly moist by abundant warm normal saline, and the 
temperature was regulated by the heat irradiating from an electric 

lamp kept over the animal at a suitable distance. At frequent inter- 

vals the abdomen was closed for ten or fifteen minutes. 
In another group of animals the skin, after an incision was made 

in the middle line, was extensively dissected free from the underlying 

musculature, and so suspended as to form a deep receptacle. This 

was filled with warm normal saline. The muscular cover was then 

opened in the linea alba and retracted. The viscera were thus exposed 

to full view in a complete saline bath. The liquid had to be often 
renewed, as a part of it was absorbed into the subcutaneous tissue. 

Now and then, when the solution became turbid by some admixture 

of blood, it was removed and replaced by fresh saline. The blood 

pressure in cases in which it was tested remained constant. Wrap- 

ping the animal in cotton, application of hot-water bags, and the heat 

from an electric lamp, etc., served to keep up the normal temperature 

of the animal. The method is a satisfactory one. It has probably 

already been employed by other investigators, but we are not aware 

that it has been described by any one. 
In another group of animals, especially in young rabbits, still a 

different method of observation proved to be very practicable. The 

abdominal skin was extensively freed from the underlying muscula- 

ture, which was left intact. Through the translucent musculature 

several parts of the viscera can thus be fairly well discerned. After 

a little practice the behavior of the stomach, the caecum, the as- 

cending colon, and the mass of small intestines lying on the left side 

in the angle formed by the stomach and czecum can be well recog- 

nized. A definite increase or decrease in the movements of these 

parts can be established with safety. The observation is still more 
facilitated by a destruction of the dorsal and lumbar spinal cord. 

Several parts of the viscera are frequently plainly outlined through 

the relaxed abdominal musculature. 
We are not aware that this method of observation has been used 

and described by any one. E. H. Weber has observed through the 
peritoneum the peristaltic movements of the intestines in a freshly 

killed rabbit from the abdomen of which all the muscles were quickly 

removed. Pal described the movements of the intestines in lean 

curarized dogs, which he observed through the well-shaven but 
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unopened skin during the suspension of artificial respiration. The 

mode of observation described above by us might be a useful addition 

to this line of methods. At any rate, by this method we were enabled 

to detect the normal movements of the caecum in the rabbit which 

cannot be seen after opening the abdomen. We shall deal with that 

in another paper. 

Finally, we might mention that in dogs we were able to study the 

effect of ergot upon the stomach by the pyloric sound, that is, by the 

sound that is audible (and palpable) when the strongly contracting 

stomach is pressing air through the pylorus. 

All of the animals were completely etherized during the operation, 

and most of them received a subcutaneous injection of morphin 

previously. 

Tue EFFECT OF ERGOT UPON THE SroMACH AND INTESTINES 

or Doss. 

In all cases except one the cord was not destroyed ; neither were the 

splanchnics cut. In many cases both vagi were cut. After opening 

the abdomen, stomach and intestines were observed for some time 

with regard to the occurrence of spontaneous movements of any sort. 

Also the peripheral end of one vagus (usually the left) was repeatedly 

stimulated with induction currents for the purpose of studying the 

effect of such stimulation upon the motor activity of the stomach and 

intestines. 

The “normal” movements of the stomach and intestines. — In most 

of the dogs we have experimented upon there were more or less pro- 

nounced movements of the stomach before any injection of ergot was 

made. In some animals shallow waves were running sluggishly gver 

the stomach from the fundus toward the pylorus. In others the 

pylorus was the seat of deep, travelling contractions. In one case in 

which the dorsal cord was destroyed (from the fifth dorsal vertebra 

down) the contractions of the antrum as well as of the preantral 

region were very strong. In two animals no movements were 

observed in any part of the stomach. 

The intestines have shown practically no spontaneous movements 

in any of the dogs. In the animal with the destroyed cord some 

movements were present, but they were moderate and distinctly less 

frequent and less energetic than in the stomach of the same dog. 

There was a slight temporary motion in one other dog with an intact 

cord. (All dogs we have experimented upon were in the same stage 
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of digestion; they were not fed on the day of operation, and stomach 

and small intestines were fairly empty.) 
Stimulations of the vagus were usually of short duration, rarely 

lasting longer than fifteen seconds. Nearly without exception the 

stomach responded to a stimulation of the vagus with a definite con- 

traction; in some experiments, however, the contractions, mostly of 

the antrum, did not set in until immediately after the interruption of 

the stimulation. The intestines, on the other hand, showed only in 

one case a response to vagus stimulation; in all the other experi- 

ments they remained quiet during as well as immediately after stimu- 

lation. Even in the experiment in which the cord was destroyed and 

in which the intestines have shown some spontaneous movements, 

stimulation of the vagus brought no increase of the movements. 

It should be added that as a rule before the injection of ergot no 
more than two or three stimulations were made. 

After the injection of ergot. — It may be stated in a general way that, 

with the exception of one experiment, the spontaneous movements of 

the stomach were definitely increased after the injection of ergot. 

Since in the majority of the experiments spontaneous movements of 

the stomach were present before the injection, the changes effected 

by ergot were not always of a striking nature. However, even under 

such circumstances, the increase was often well marked. The follow- 

ing brief protocol of an experiment will illustrate it: 

Experiment 1, Dec. 14, 1905. — Female dog; 4000. 0.04 morphin ; ether 

. . . 3-57 P.M. began to observe stomach, 3.58 wave passing, 4.02 slight 

wave, 2 waves in five minutes. 4.04;.3 c.c. ergot injected jugular vein. 

Until 4.09 11 waves passed over the stomach, of which 7 were marked 

‘<fair” and 4 waves marked “ good,” — 11 waves in five minutes. 4.10; 

again 2 c.c, ergot injected. From now on about 2 waves (“ fair” and 

“good” ones) passed every minute over the stomach. 4.18 wave starts 

at antrum and travels toward fundus— antiperistalsis. 4.20 contraction 

of “transverse band ”’ remains localized, does not travel. . . . 

In this experiment before the injection the waves of contraction 

were weak and infrequent, two in five minutes. After the adminis- 
tration of ergot the waves became considerably more frequent, two 
per minute, and the contractions were stronger. At a later period 

the contractions became somewhat abnormal, antiperistaltic waves 

appeared, and also tetanic contractions. 

The increase consisted sometimes only in greater intensity of con- 
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traction, or in the waves having their starting-point farther and still 

farther back toward the fundus. When the contractions of the antrum 

became very strong, as soon as the wave approached the pylorus, a 

distinct prolonged sound emanated from over the pylorus, the vibra- 

tions of which could also be definitely felt with the finger. As the 

stomach was empty, the sound was produced by the passage of air 

through the pylorus. 

The appearance of such a pyloric sound can be well established by 

means of auscultation with a stethoscope in the right hypochondriac 

region in a non-operated dog after the intravenous administration of 

a sufficient dose of ergot, as the following abbreviated protocol of 

such an experiment will illustrate. 

Experiment 2. Fan. 31, 1906.— Medium-sized female dog. Morphin and 

ether. Cannula in femoral vein, no other operation. 

1.20 P.M. Auscultation of abdomen with phonendoscope, no sounds 

heard. 

Until 2.16. 11 ¢.c. of ergot injected, no sound heard so far. 

2.26. A dullrumbling sound heard in the right hypochondriac region, 

appearing every twelve seconds and lasting about five seconds 

(metronome). Sounds occur with perfect regularity. 

2.32. Abdomen opened, animal in deep anesthesia from ergot. No 

contractions of stomach occur. 

2.38. 4.c. of ergot injected. Immediately after a powerful contrac- 

tion sweeps over the antrum. As pylorus is reached, a sound is heard by 

unaided ear, vibrations easily felt with finger. 

2.49. No contractions of stomach to be seen. 3 c.c. ergot injected. 

Waves appear, starting at the preantral region, recurring about every 

twenty scconds; less strong ; no sound heard. 

2.56. 2 c.c. ergot injected again. Contractions the same, but less 

strong. 

From 3.05 left peripheral vagus stimulated several times with 120 coil 

distance. Heart stops. Stomach contracts slowly but powerfully, waves 

stronger every sixteen seconds. 

3.13. 1.5 C.-C. yy per cent atropin sulph. (= 1.5 mgr.) injected into 

right femoral vein. 3.17. Very superficial waves passing over stomach. 

3.20. L. p.v.' stimulated with 120. Heart not stopped, stomach not 

contracted. 

In this experiment the pyloric sounds were brought out by the 

gradual injection of a comparatively large dose of ergot. The open- 

1 L, p. v. means that left peripheral cut end of the vagus nerve was stimulated 

with induction currents. 



Action of Ergot upon the Stomach and Intestines. 151 

ing of the abdomen removed the contractions as well as the sounds. 
The addition of ergot brought on once more powerful contractions 
and sounds, but the further addition of ergot reduced the energy of 

the contractions and abolished the sounds. (The other observations 
in the experiments will be discussed later.) 

Experiment 3. Feb. 1, 1906. — Good-sized dog. Morphin and ether. Can- 

nula in right femoral vein. 

1.20. Dull ‘pressing’? sounds heard with phonendoscope over the 

pyloric region. 
2.09 and 2.35. 3 c.c ergot injected each time. 

2.50. No sound heard over pyloric region since injection of ergot. 

2.53. 3 C.c. ergot again. 

3-09. Squirting muffled sounds lasting about one second heard over 

pyloric area, recurring every thirteen seconds. 

3-13. 3 .C¢.c. ergot again. Pyloric sounds much louder and longer 

now, occur every thirteen seconds; can be heard with unaided ear and 

can be definitely felt. Sounds recorded on drum. 

3-49. Sounds much louder and longer than before. 

3-46. Again 3 c.c. ergot injected. 

4-10. Sounds same as before, except that they are higher pitched. 

4-15- 1 C.C. zy per cent atropin sulph. (= 1 mgr.) injected into femoral 
vein. 

4-20. No sounds heard over the pyloric region. 

4.30. Wound sewed up and dog removed from table. Animal in deep 

anesthesia and perfectly relaxed. Next day apparently perfectly well. 

In this experiment there was a dull short pyloric sound which dis- 
appeared after the administration of some ergot. Later on, when the 
dose reached 9 to 12 c.c., the sounds reappeared and became gradu- 
ally distinctly louder and longer. 

The increase of the contractions of the exposed stomach appeared 
sometimes immediately after the injection, sometimes not until a few 
injections were given. After further administration of ergot a stage 
was reached when not only no further increase was produced, 
but, on the contrary, the result was sometimes a decrease in the 

energy and frequency of the contractions. 
The augmenting effect of ergot upon the motor conditions of the 

intestines was very evident in every experiment, perhaps especially 
so on account of the frequent absence of any movements of the intes- 
tines before the injection. There was one form or another of motor 
augmentation in the intestines after every injection of ergot. In 
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some cases moderate spontaneous movements would soon appear in 

different parts of the small intestines which subsided again after a 

while. By repeating the injections the movements would become 

very active and moderately lasting. In many cases the movements 

assumed a regular peristaltic character, in others the contractions 

would be very irregular, and in still others the contractions would 

have more of a tonic or tetanic character. All flatness of the intes- 

tines would disappear, the tubes although empty would look round, 

stiff, slightly beaded, with hardly any motion. The latter form of 

augmentation would occur frequently, especially after many injections 

of ergot were given. In other words, smaller doses of ergot would 

favor rather the peristaltic movements of the small intestines, 

larger doses would tend to bring on a tonic or tetanic state. 

Ergot had frequently an augmenting effect also upon the move- 

ments of the duodenum, but the augmentation ran by no means par- 

allel with that of the jejunum and ileum. (The protocols contain 

very few notes on the spontaneous movements of the colon.) 

The injections of ergot undoubtedly augmented the motor effect of 

stimulation of the vagus upon the stomach as well as upon the ‘intes- 

tines. And here, again, the augmentation was more evident in its 

effect upon the intestines than in that upon the stomach, and again 

perhaps, essentially for the reason of the frequent absence of any 

effect of stimulation of the vagus upon the intestines before the 

injection of ergot, the sharp contrast made the effect more evident. 

In the stomach as well as in the intestines the augmented contractions 

were in most cases of a tonic character and rarely consisted in in- 

creased peristalsis. The effect upon the stomach would manifest 

itself mainly in contractions of the antrum, and only in a few cases 

was there a moderate tonic contraction of the whole stomach. The 

antrum would contract mostly during stimulation, but sometimes only 

immediately after its interruption. The development of the contrac- 

tion would as a rule be very slow, but reached sometimes extreme 

degrees, so that the entire antrum looked like a gray thick cord. 

However, such extreme degrees of contraction of the antrum are liable 

to occur sometimes without the influence of ergot. It was different, 

however, with the intestines. In some Cases, after a few injections 

of ergot were given, on stimulation of the vagus the intestines stood 

up as loops of gray cord; there would be a state of tetanic contrac- 

tion such as we have never observed occurring in normal conditions 

of the animal. 
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In a few cases after the intestines have shown a distinct augmen- 

tation in response to the vagus stimulation, further injections of ergot 

brought out opposite responses to stimulations of the vagus. Either 

the intestines failed to contract, or the stimulation inhibited an exist- 

ing spontaneous peristalsis, or, if the gut was previously tonically 
contracted, the stimulation would bring a distinct relaxation. 

Some authors state that stimulation of the vagi exerts no augment- 

ing effect upon the movements of the large intestine. In a few in- 
stances, after injection of ergot, stimulations of the vagus brought on 
definite peristaltic and tonic contractions of the colon. 

The stimulus which produced the strong contractions of the intes- 
tines had in many cases to be distinctly stronger than the one which 
completely stopped the heart beat. This fact gave sufficient evi- 
dence that the contractions of the intestines were not a secondary 
effect due to the anemia resulting from the stoppage of the heart. 
Another fact in support of this view is the observation that in some 
instances after injection of a dose of atropin sufficient to abolish the 
cardiac effect of the vagus, a stimulation of this nerve was still capable 
of bringing out some definite contractions of the intestines. We 
have, however, to state that in our experience atropin reduced in all 
cases the effect of vagus stimulation upon the contractions of stomach 
and intestines, and in a few instances entirely abolished the effect 
upon the stomach. This occurred even with such small doses as 
one milligram of the drug. Even the spontaneous movements were 
often distinctly diminished. 

The following few abbreviated protocols will serve to illustrate some 
of the statements made above: 

Experiment 4. Dec. 15, 1905.— Young female dog, 2500. Morphin and ether. 
3-15 P.M. Observed for twenty minutes. Pyloric part of the stomach 

shows active peristalsis, occasional slight movements of the duodenum, no 
movements of the small intestines. L. p. v. stimulated with r1o: strong 
contraction of pylorus, strong peristalsis of antrum, beginning only after 
stimulation. No effect upon small intestines. 

3:25. 2 C.c. ergot injected. One minute later duodenum and small 
intestines show definite moderate movements. No change in stomach. 

3.28. Again 2c.c. ergot. 

329. Small gut much more folded, no other change. L. p- v. Tro: 
strong contraction of pylorus to whitening, duodenum blanched, move- 
ments of small gut increased. After stimulation good and strong 
contractions of antrum and pylorus ; good pyloric sounds with each wave. 
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A few more stimulations show the same effect, except that colon also 

contracts during stimulation. 

3-55. Stimulation has now no more effect upon the small gut. 

3.58. 2 c.c. ergot again. At 4.00 and 4.04 stimulation same as before, 

with strong pyloric sounds ; again definite effect upon small intestines and 

colon. 

4.10. Effect of vagus upon small intestines gone again. 

In this experiment with each injection of ergot the spontaneous 

movements of the intestines as well as the vagus influence upon them 

were at first distinctly augmented, but the augmentation became 

less some time after every injection. 

Experiment 5. Fan. 9, 1906.— Female dog. Morphin and much ether. 

3.48. Stomach and gut quiet. L. p. v. 120: good contraction of 

stomach and intestines, but no peristalsis. 

3.53. 1¢.c. ergot. 3+55- Slight peristaltic contractions in stomach 

and intestines; disappeared in a few minutes. L. p.v. 120: no percep- 

tible change. 

4.03. I C.Cc. ergot. Stomach and gut now show fair peristalsis. 

4.12. L. p. v. 120: powerful contraction of the stomach and gut. 

4-18, 4.30, and 4.49. L. p.v. 120: very powerful contractions of small 

intestines, loops stand up like wire coils. 

A537 t C.CuekeOra) jlrspava zon. Ss before, powerful contractions of 

stomach, shows some antiperistaltic movements. . - - 

The influence of the ergot upon the vagus effect, especially upon 

the intestines, was in this experiment, as in some others, very strik- 

ing indeed. 

Experiment 6. Fan. 11, 1906. — Female dog. Morphin and ether. 

4.10. Slight motion of stomach and gut. L. p. v. 120: stomach con- 

tracts well, no response of gut. Stimulation repeated 7 times with 

about same effect. 

4.34. 2 C.c. ergot. One minute later small gut shows definite increase 

in peristalsis. 

4-47 and 4.50. L. p.v. 120: good contraction of stomach; gut more 

active during stimulation, greater tonus. 

4.55. I c.c. ergot. Small gut definitely more active (peristalsis). 

stomach quiet. 

A.p7.. L. p.v. 120 good contraction of stomach, movements of gut 

stopped. After stimulation: waves passing slowly over stomach, gut 

shows more motion than before stimulation. ~ 
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5-01. 1¢.c. ergot. 5.03. L. p.v. 120: as before, very powerful con- 

tractions of stomach. 

5.15. L.p.v. 120: stomach contracts, gut relaxes. 

5.18. 1.c. ergot. 5.21. L.p.v.: gut relaxes during stimulation. 

In the above experiment, then, after repeated injections of ergot 

stimulation of the vagus caused repeatedly a distinct relaxation of the 

intestines, 

Experiment 7. Fan. 29, 1906.— Medium-sized dog. Morphin and ether. 

By graphic method: rubber balloon in stomach connected with Marey’s 

tambour. 

2.05. L. p. v.: definite contraction of stomach. 

2.07. Intravenous injection of 2 c.c. #y per cent atropin. L. p. v. 

120: stomach no effect ; heart not stopped. 

2.08. 1. c.c. ergot. L. p. v. 120 and R. p. v. 120: stomach no 

effect ; heart not stopped. 

Abdomen opened and viscera examined by ocular observation. 

2.20. L.p.v. 120: gave fair contraction (contractions not transmitted 

by balloon), no effect upon gut. 

2.35. L. p. v. 100: stomach fair contraction, movements of gut 

definitely increased, heart not stopped. 

2.39. 2 .c. ergot: good deep waves passing over stomach, pyloric 

sounds heard at regular intervals, gut moves well. 

2.44, 2.49, and 2.52. L. p. v. 100, long stimulations: stomach move- 

ments at first less, then gradually improving; pylorus sounds less frequent 

during stimulations ; gut moves less during stimulation. 

3.00. 2¢.C. ergot. 3.02, L. p. v. 100: during stimulation gut a 

little more active, and stomach less; after stimulation contractions of 

stomach improved. 

3-08. 20.c. ergot. 3.09. Stomach and gut definitely less active than 

before injection. L. p. v. 100: good antiperistaltic wave sets in at end 

of stimulation (stomach). 

In this experiment a dose of atropin which abolished the cardiac 

effect of the vagus permitted some action of this nerve upon stomach 

and intestines. The effect, however, was apparently greatly impaired. 
In the next experiment the same dose of atropin interfered radically 

with the vagus effect upon the stomach. 

Experiment 8, Fan. 20.— Medium-sized female dog. Morphin and ether, 

cord destroyed below the 4th dorsal vertebra. 

1.25. Powerful contractions sweeping over stomach, gut shows slight 

motion. L. p.v. 150. Powerful contraction of stomach; gut shows 

no effect. 
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1.40. 2cCC.ergot. 1.42. Gut distinctly more active now, “ separated 

into many rings.” Stomach contracts much more than before, and pyloric 

sounds heard now at regular intervals. 

1.48 and 1.50. L.p.v. 150: heart stopped, stomach contracts very pow- 

erfully, gut blanched, increased tonic contraction, no increased peristalsis. 

1.53- 2 C.C. yy per cent atropin (2 mgr.). 

1.55. Stomach movements strongly decreased, gut moving as before. 

1.58. L. p. v. 150: heart not stopped, no effect upon stomach, gut 

shows slightly increased contractions, no peristalsis. 

1.69. 2¢.C. ergot. 2.03. L. p. v. 150: as before. 

2.06. 2¢.c. ergot. 2.09. L. p. v. 150: as before, but gut shows slight 

increase in peristalsis. “Two more stimulations with same result. 

2.17. 2 C.c. ergot. No increase in spontaneous movements of gut; 

stomach perfectly quiet. L. p. v- 150: same as before. 

2.24. L. p. y- 100, stimulated twice. Moderate increase of movements 

of gut. After long stimulation and even during it pylorus contracted, and 

once some antiperistalsis followed. 

2.28. 2.c. ergot. 2.32. L. p. v. 100: after a long stimulation pylorus 

contracted (not stomach) and gut showed fair increase of peristalsis ; 

heart not stopped. 

In this experiment, as in others, atropin interfered with the action 

of the vagus upon the stomach a good deal more than with its action 

upon the intestines. 

It may be mentioned that in dogs ergot worked as an anzesthetic. 

After the animals received 4 or 5 ¢.c. of ergot they remained in pro- 

found narcosis for the rest of the experiment without any other 

anzesthetic. 

Experiments on cats. — Only five experiments were made on cats. 

The following two abbreviated protocols will illustrate the essential 

facts of experiments from this series : 

Experiment 9, Fune 18, 1906. — Medium-sized cat. Morphin subcutaneous 

o.o1 and ether. Incision in middle line of abdomen, skin dissected off 

so as to form a receptacle above the muscular cover. Filled up with warm 

saline and muscles of abdomen opened. No movements of stomach or 

gut. 

11.40. L. p.v. 120: practically no effect upon gut or stomach. 

Until 11.56 L. p. v. 110 stimulated three times: gut no effect, stomach 

disappears from view during stimulation. Since stimulations began stom- 

ach shows spontaneous movements, superficial waves passed toward the 

pylorus, about 5 in a minute, gradually getting deeper. 
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12.02. I c.c. ergot. From 12.04 small intestines and colon show fair 

contractions, coils of small gut definitely rounder now than before ; con- 

tractions in small gut slightly travelling, some slight peristalsis. Stomach, 

no definite change. 

From 12.27 to 12.35. L. p. v. 110, 4 times: gut contracted only once 

and wave swept down. Gut shows swaying motion between stimulations. 

Stomach waves now powerful. 

12.42. I c.c. ergot. 12.45. Contractions of small gut more frequent 

and stronger than before, movements progress more rapidly and only in 

one direction. Constrictions of the stomach deeper, 6 to the minute. 

12.53. L. p. v. 110: tonic contractions of entire small gut, coils stood 

up like wire rings, beaded, remained in same state for fifteen or twenty 

seconds after stimulation. Stomach disappeared from view during stimu- 

lation ; when it reappeared the travelling contractions seemed to be still 

deeper. 

Until 2.21 ergot was injected 5 times, 1 c.c. each time. The sponta- 

neous contractions of gut lost more and more their travelling character, 

gut became more tonically contracted, looked beaded. Contractions of 

stomach gradually became less vigorous. L. p. v. r1o, stimulated a 

dozen times. Character of effect upon intestines remained the same, but 

diminished in energy. At first the after effect gradually disappeared ; 

later the gut began to relax, while the stimulation still continued. The 

onset of the tonic contraction during stimulation became less abrupt, and 

the gradual successive entrance of the different parts of the small intes- 

tines (from above downwards) into the contraction became gradually very 

plain. 

2.25. 2.c. of yy per cent atropin (2 mgrs.) injected. 

2.26. L.p.v. 110 and go: heart not stopped, no effect whatsoever 
upon gut and stomach. 

The augmenting action of ergot upon the spontaneous contractions 

as well as upon the vagus effect was in this experiment, as far as the 

gut is concerned, beyond any doubt. There was also a greater vigor 

of the contractions of the stomach after the first injections of ergot, 
It is, however, not absolutely proven that it would not have occurred 

even without the ergot, since the stimulations of the vagus alone 

seemed to produce some lasting effect upon the spontaneous activity 
of the stomach. 

Experiment 10, une 19, 1906.— Cat. (All preparations as in previous ex- 
periment, except that Ringer’s fluid was used for the bath instead of a 

solution of sodium chloride.) 

12.15. No movements of stomach and intestines. L. p.v. 160: some 

tonic contractions of entire stomach. 
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12.20. 1¢.c. ergot. 12.25. Moderate waves pass now over stomach, 

gradually increase in vigor. 12.27. Slight motions set in also in gut, 

become pendular. L. p. v. 160: twice, responds once with contraction 

of stomach, no effect upon gut. 12.39- I CC ergot. 12.42. Stomach : 

waves more frequent, deeper and starting farther to the left. Small gut: 

pendular movements and slight travelling of contractions. 12.51. L. p. v. 

160, stimulated ten seconds: contractions of stomach increased ; small 

intestines contract strongly exactly in the manner described in Experiment 

g (the coils standing up like large rings) with same after effect. 12.55. 

Stomach: waves more frequent, but more superficial ; small gut round ; 

moderate swaying movements. 1.00. I C.C. ergot. 1.05. Entire stomach 

more tonically contracted ; waves deeper, but less frequent. Small gut 

round, tonically contracted ; infrequent irregular contractions. 1.08. 

L. p. v. 160: stomach could not be observed; small gut contracts as 

during last stimulation, but relaxed soon after, and a few seconds later 

contracted tonically again, showing at the same time some travelling 

movements. 

Until 2.30 three more doses of 1 c.c. ergot were given. The sponta- 

neous movements became less, the tonic contractions remained about the 

same, gut looked beaded. The course of the response of the small gut to 

L. p. v. 160 was about the same as in Experiment 9, except that after the 

relaxation in the after-effect a distinct tonic contraction set in again, last- 

ing ten or fifteen seconds. ‘The spontaneous contractions of the stomach 

became gradually less, although each injection of ergot had a tendency to 

strengthen them for a short time. L. p. v. 160 had more and more the 

tendency to abolish the waves of the stomach, although sometimes a mod- 

erate tonic contraction would seem to set in instead. (In this experiment 

spontaneous movements of the colon would appear sometimes after ergot, 

and L. p. v. 160 would sometimes bring on a moderate contraction.) 

2.35. 1c. of yy per cent atropin (1 milligram). L. p. v. 160 and 

140: heart not stopped, no effect upon stomach or intestines ; no spon- 

taneous movements of stomach and intestines seen any more. 

In this experiment also the most striking effect of ergot was its 

augmentation of the vagus action upon the gut. The effect upon 

the stomach, although a little more pronounced than in Experiment 

g, was also in this experiment not very striking. 

The contraction of the stomach in cats, although sometimes at least 

as vigorous as those observed in dogs, never brought out any “ py- 

loric sounds.” 

We should also mention that in cats ergot did not seem to aid the 

general anzsthesia to any degree. 
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Action of ergots in rabbits. — In all the experiments in which the 
abdomen was opened, there was not a single case in which the stom- 
ach before the injection of ergot had shown spontaneous movements. 
Stimulation of the vagus brought out a moderate contraction of the 
pyloric part in some cases; in others it had no effect at all. The 
small intestines have shown some degree of motion before the injec- 
tion of ergot in the majority of the experiments, and in a few of the 
intestines were quite active. Stimulation of the vagi had in most 
cases no effect at all, and in one instance, in which there was a lively 
spontaneous activity, the stimulation definitely stopped all the move- 
ment. In two cases in which stimulation seemed to have some effect 
upon the intestines, the affected movements were very slight. In 
every one of the experiments the injection of ergot had an unmistak- 
able augmenting influence upon a good part of the motor phenomena 
under investigation. 

The spontaneous movements of the stomach in rabbits with open 
abdomen benefited very little from the ergot. There was only one 
case in which after the injection the stomach showed slight spontane- 
ous movement. A somewhat better effect was exerted by the ergot 
upon the response of the stomach to the stimulations of the vagus. 
There were definite contractions of the stomach in cases where before 
the injection no response at all could be elicited ; and in cases in which 
stimulation of the vagi caused some contraction of the stomach, those 
contractions were unmistakably augmented. However, ergot showed 
a more pronounced influence upon the movements of the intestines. 
Nearly in all cases sooner or later after the injection spontaneous 
peristaltic movements of the small intestines set in, and if there were 
some movements present before the injection, those were distinctly 
increased after it. And here again, as in the dog and the cat, the 
greatest influence of the ergot was exerted upon the response to 
vagus stimulation. The first influence was, as a rule, to produce a 
definite increase of the peristaltic movements. At a later stage, 
however, or after two or more injections, a vagus stimulation would 
bring on striking tonic contractions of *parts or the whole of the 
small intestines. The following two abbreviated protocols will 
illustrate some of our general statements. 

Experiment 11, December 15, 1906. — Rabbit. Ether. 
5:00. No movements of stomach, slight movement of small intestines, 

colon quiet. 5.05. L. p. v. 130 and rro: no effect upon stomach or 
intestines. 5.09. 1 c.c. ergot. Movements of lower small gut become 
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quite active. Stomach quiet, colon shows some motion. 5.12. L. p. Vv. 

r10: movements of gut became at once more active. Later stomach 

showed a constriction at antrum, did not travel to pylorus. No move- 

ments of duodenum at any time. 5-18. 0.6 c.c. ergot. Movements of 

gut become more active. 5-19. L. p. ¥. 110: same as before, except 

that stomach showed constriction at antrum and pylorus. 5.22. Lower 

small gut very lively ; stomach and duodenum quiet. 5-25. L. p. v. 1103 

antrum and pylorus contracted strongly, duodenum blanched, caecum 

showed strong wave of contraction ; movement of lower small gut not 

increased. 5-27. L. p. v. 110: stomach contracts strongly as before, gut 

more active, also colon ; no effect upon caecum. (Among the stimulations 

at this period there was one at 6.23, which had no augmenting effect 

upon stomach, and the movements of the stomach became definitely less.) 

Experiment 12.— Gray rabbit, r500. Ether. 3-35- Good vermicular 

movements of small gut (stomach not noted). 3-37. L.p.v. 110: strong 

tonic constriction of antrum, movement of small gut stopped ; after stimula- 

tion small gut active again for a short while. 3.43. Gut quiet. L.p.v. 110: 

no effect on stomach or gut. 3.46. Moderate squirming of small gut. 

L. p. v. 110: contraction of antrum, small intestines become more quiet. 

3.50. Left splanchnic (intact) 110° everything quiet. 3.52. Gut quiet. 

L. p.v. 110: contraction of antrum, gut remains quiet. 3-55- 1:5 

c.c. ergot. Shortly after slight waves passing over stomach, very active 

pendular movements of small gut, good peristaltic waves of colon. 4.02- 

L. splanchnic 110: everything quiet. A few seconds after stimulation : 

movements of small gut begin again. 4-07. L. p. v. 110: very powerful 

contraction of antrum, small gut more active, movements of colon. 

4.15. Respiration poor ; artificial respiration started and kept up during 

rest of experiment. 1.49- Good peristaltic waves of small gut ; stomach 

shows occasional moderate peristaltic waves passing towards pylorus. L. 

p-v- 110: slow, strong contraction of antrum; marked contraction of 

duodenum and small gut. (“A patch of about 1 centimetre would contract 

down to a cord and gradually relax ; this swept as a wave down the gut.”) 

Colon contracts slowly after stimulation ; this effect continues for some 

time. 4.25. Small gut shows good movements, stomach and colon quiet. 

L. p. v. 110: antrum moderately constricted, small gut practically con- 

tracted into a cord; after stimulation gut relaxed, and no movements. 

4.32. L. p. v. 110: the entire lower small gut contracted into a cord. 

In some experiments atropin was given; the spontaneous move- 

ments of the gut, as well as the effect of vagus stimulations upon 

these movements, seemed to be more or less affected by it. 

As we have stated above, in rabbits we have studied in a number 

of experiments the movements of the abdominal viscera through the 
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intact muscles of the abdomen after removing the skin. On the left 
side of the abdomen in the angle formed by the stomach and the 
czcum, a convolution of small intestines can be fairly well observed. 
Here we have often seen that after injection of ergot the peristaltic 
movements were distinctly increased. The tonic contractions of the 
intestines cannot be recognized by this method. 
By this method as well as through the normal skin we could study 

with profit the movements of the caecum and stomach in rabbits. We 
shall deal with it in a separate paper. Here we wish only to state 
that, when the movements of these organs were studied by the 
methods mentioned, it was found that ergot increases definitely 
the spontaneous movements of the rabbit’s stomach as well as of the 
caecum. 

Our experiments on the three species of animals show conclusively 
that intravenous injection of ergot augments the motor activity of the 
gastro-intestinal canal. The spontaneous movements of the stomach 
in dogs were unmistakably increased ; they were also apparently in- 
creased in cats. There was practically no increase in the spontaneous 
movements of the rabbit’s stomach when it was observed in the 
opened abdomen, but, as we know from other experiments, ergot 
increases undoubtedly the movements of the stomach when they are 
not profoundly affected by the abdominal incision. 

The spontaneous movements of the small intestines were un- 
doubtedly augmented by ergot in all the three species of animals. 
There was also some increase of the movements of the colon, although 
by far not in so striking a manner as in the small gut. 

The motor response of the stomach to stimulation was distinctly 
augmented by the injection of ergot in all the species. The most 
striking effect of ergot was observed in the influence of vagus 
stimulation upon the contractions of the intestines. In nearly 
each and every case in all three species of animals stimulation of 
the vagi brought out an unmistakable increase of the peristaltic 

movements, as well as a remarkable tonic contraction of the entire 

small gut. 

The last results are of special interest. As is well known, there is 
quite a divergence of opinion with regard to the effect which stimula- 
tion of the vagi has upon the movements of the intestines. While 
most of the earlier writers reported that they had seen a contraction 

of the intestines (Ed. Weber, Budge, Nasse and others), or some- 

times an increase and at other times a decrease of the intestinal move- 
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ments (Pflueger and others), some of the writers stated that in their 

experiments on dogs stimulation of the vagi had no effect upon the 

movements of the intestines (Animus and Legros, Pohl) or that there 

never were any circular contractions (Courtade and Guyon). Re- 

cently, in a series of experiments on dogs, cats, and rabbits, Bunch? 

reported that in twenty-five animals he had not seen in a single 

instance that stimulation of the vagi caused any contraction of the 

intestine or any increase of the normal rhythmic movements. There 

could therefore be some doubt whether the vagi contain motor fibres 

for the intestines. Bayliss and Starling,” however, ascribe such fail- 

ures to simultaneous inhibitory snfluences, and in studying the motor 

effects of the vagi, they took the precaution to destroy the cord or 

cut the splanchnic nerves. Furthermore these authors observed a 

motor effect upon the intestines only after repeated stimulations of the 

vagus nerve, and even then mostly only in the after-effect of a long 

stimulation. In our experiments, with very few exceptions, the cord 

was not destroyed and the splanchnic nerves were intact. Neverthe- 

less, after injection of ergot, soon after the beginning of a vagus stim- 

ulation and during its continuation, a motor effect of a very striking 

character appeared frequently (tetanic contraction of a large part of the 

small gut). This occurred especially after repeated doses of ergaf or 

after a single large dose. The repetition of the stimulus did not seem 

to have any influence upon the appearance of this striking phenome- 

non. We are not aware that this was described by any previous 

observer. 

The augmenting effect of a single injection of ergot would seem to 

wear off gradually and would disappear at first completely in ten or 

fifteen minutes. After repeating the injections, the effect would at 

first grow in extent; the increased activity of the spontaneous Move 

ments as well as the increased effectiveness of vagus stimulation would 

last longer. However, with the further continuation of the injections 

the augmenting effect would reach a certain limit. Instead of peri- 

staltic contractions the gut would be quiet, but would appear to be 

round and beaded; in short, it appeared to be tonically contracted. 

Stimulations of the vagus would at first have a prevailing tendency 

to cause a tonic contraction, later there would be in most cases no 

effect at all. Ina few cases after repeated injections stimulation of 

1 Buncu: Journal of physiology, 1897, xxii, p. 357. See literature there. 

2 Bayiiss and STARLING: Journal of physiology, 1899, xxiv, p- 99; 1900- 

1901, xxvi, pp- 107, 125- 
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the vagus either stopped the movements or relaxed the tonically con- 
tracted gut. 

In a general way it may be stated that smaller doses of ergot 
have a tendency to increase the rhythmic contraction of the gastro- 
intestinal canal, larger doses have a tendency to put it to rest in an 

aggravated tonic state, and still larger doses might occasionally even 

favor a relaxation of the gut. 

It will be remembered that the same is assumed by a great many 

writers for the effect of ergot upon the uterus: small doses in- 

crease the rhythmic activity of the organ, large ones cause a tetanic 
contraction, 

We should mention that in some of our experiments after injection 

of ergot, stimulation of the vagus distinctly caused a contraction of 

the colon. Starling and Bayliss state that they have never seen any 

effect upon the colon from stimulation of the vagus. The same was 

stated previously by other authors. Pal, however, asserts strongly 

that in his observations stimulation of the vagus causes contraction 

of the colon. While we have certainly seen such an effect occur- 
ring after the injection of ergot, the effect is apparently by far not 

so frequent as in the case of the small intestines. 

We have mentioned above that Dale, in his recently published in- 

teresting researches upon the action of ergot, has also studied its effect 

upon the stomach and intestines. His statements are very brief. 

For the stomach he states “ That the injection of fifty milligrams of 

active chrysotoxin intravenously (cat) caused . . . a slight increase 

in the tone and rhythm of the stomach.” The influence upon the 
effect of the vagus he does not mention. For the intestines he 

states that “in the ‘stimulant stage’ in the dog . . . the pendulum 

movements of the small intestines showed when fifty milligrams of 

chrysotoxin were given intravenously, a brief inhibition followed by a 

permanent increase both of the tone of the muscle and the ampli- 

tude of the pendulum movements.” ‘The effects were neither strik- 

ing nor constant, and in any case difficult to interpret.” ‘It is 
difficult to determine to what extent these effects are due to the 

changes of blood pressure in the pithed animal or to the progressive 
asphyxia in the animal without artificial respiration.” The last re- 

mark we do not fully understand, At any rate, we never worked with 
animals “in progressive asphyxia without artificial respiration,” and 

our results seem to us to be rather striking. As to the doses, we do 

not know how fifty milligrams of chrysotoxin compare with the doses 
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of fluid extract which we have employed. We wish to call attention 

to the fact that Dale has studied the small intestines “by the 

balloon method,” that is, with a balloon in the small intestines. This 

method, however, which gives us graphic curves accessible to analysis, 

is at best, as we believe, capable only of giving information
 of the state 

in which the abnormal injured small piece of gut is, which contains 

the balloon, but not of the condition of the balance of the gut, which 

also, as Bayliss and Starling pointed out, is not in a normal state, 

the distending balloon (and the cut in the intestine, see Cannon’) 

affecting it more or less profoundly. We believe, therefore, that by 

reason of the difference in the method alone our results are not 

exactly comparable with those of Dale. At the same time it may 

be pointed out that in a general way Dale also observed the aug- 

menting influence of ergot upon the movements and tonicity of the 

stomach and intestines, and also that the effect of the vagus stimu- 

lation was increased. 

Of great interest in Dale’s studies are his observations on the 

action of ergot upon blood pressure and some other functions. He 

finds that while medium doses of ergot have a stimulating effect, 

large doses produced a “ paralytic stage,” so that for example in this 

stage adrenalin, instead of causing an increase of blood pressure, 

causes a fall. Dale assumes that large doses of ergot paralyze the 

motor nerve endings or their ‘ myoneural junctions,” leaving the 

inhibitory fibres unaffected; hence the relaxing effect. It will be 

yenembered that in a few instances we observed that after large 

doses of evrot stimulation of the vagus caused a stoppage of the 

peristaltic moveuents or a relaxation of the contracted gut. We 

were inclined also t. assume that in these cases the large doses of 

ergot paralyzed the moto: fibres, leaving the inhibitory nerve fibres 

unaffected; hence the inlbitory effect. Dale, however, restricts 

his theory to the sympathetr nerves, assuming that the cranial (and 

sacral) nerve supply is not pralyzed by ergot. Future studies will 

throw light on this interesting question. 

Finally, we have to add a word on our experience with the 

effects of atropin upon the movenents of the stomach and intestines. 

Nearly all investigators state that tropin paralyzes the effect of the 

vagus upon the stomach and intestines, and reduces the spontaneous 

movements of the digestive canal. Our own observations were in 

1 CANNON and MurPHY: Anals of surgery, April, 1906. 

— 

ee 
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harmony with these statements. Sometimes only one milligram of 
atropin was sufficient to completely abolish the effect of the vagus 

upon the stomach, even with ergot. The effect of the vagus upon 

the intestines seemed to be a little more resistant to atropin. The 

spontaneous movements were also distinctly reduced, and here again 

the movements of the stomach seemed to suffer more than those of 

the intestines. In some cases atropin seemed to be less effective, 

and a dose which was sufficient to abolish the cardiac inhibition still 

permitted a motor effect from the vagus upon the stomach; the 

effect, however, even in these cases, was greatly reduced. 

Many recent investigators have used atropin systematically in all 

their studies of the effect of the vagus upon stomach and intestines. 

We believe that in these cases atropin was at least one of the factors 

why in some of these studies the motor effect of the vagus was 

missing or greatly reduced. Bayliss and Starling have used (it 

seems regularly) four milligrams of atropin. It is, perhaps, on that 

account that these authors, even after the elimination of inhibition, 

have seen the augmenting effect only after repeated stimulations and 

only after a long stimulation, and then mostly only in the after-effect, 

while many of the older investigators had no difficulty in observing 
the motor effect of the vagus upon the intestines without any further 

preparation. While atropin eliminates the possibility that the motor 

effect is only secondary to cardiac inhibition, it affects, too, profoundly 

the effect itself and therefore greatly obscures the observation. We 
may state that in one case, in which two milligrams of atropin com- 

pletely abolished the vagus effect upon the stomach, we found that 

about one hour later the pylorus commenced to respond moderately 

to vagus stimulation, We assumed then that it was possibly due to 

a gradual wearing off of the atropin effect. 

REsuME. 

Ergot increased the spontaneous movements of the stomach and 

intestines and augmented the motor effect of the vagus. Moderate 

doses increased the frequency and energy of the normal movements ; 
large doses had a tendency to produce more tetanic and less rhythmic 

effects, —a condition similar to that observed in the uterus. After 

large doses stimulation of ‘the vagus frequently produced a tetanic 
contraction of a large part of the small intestines. Very large doses 
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reduced the motor effect of the vagus, and in a few cases its stimula- 

tion produced a relaxation of the gut. 

Atropin frequently abolished completely the vagus effect upon the 

stomach and reduced greatly its effect upon the intestines. It impaired 

in nearly every case also the spontaneous movements of stomach 

and intestines even after the injections of ergot. 



EXPERIMENTAL STUDIES ON THE PHYSIOLOGY OF 
THE MOLLUSCS — THIRD PAPER. 

By LAFAYETTE B. MENDEL anp HAROLD C. BRADLEY. 

[From the Sheffield Laboratory of Physiological Chemistry, Yale Oniversity.] 

i the two preceding papers! upon this subject we have discussed 
the digestive mechanisms of the marine gasteropod Sycotypus 

canaliculatus, and, in greater detail, the so-called liver of this animal 
because of its unique function in the storage of copper and zinc. In 
this paper we wish to present some additional facts developed in our 
study of the muscle extractives and the respiratory pigments of the 
blood and tissues. 

THE MuscLte ExtrRActives. 

The most important contractile tissue of Sycotypus, in point of size, 
is the large pedal muscle occupying the open end of the shell and, 
when extended, projecting some distance beyond. It makes up 
approximately half of the body mass exclusive of the shell. When 
retracted, it effectually closes the opening of the shell by the chitin- 
like operculum attached to its anterior end, 

In structure the muscle closely resembles other invertebrate 
muscles. It consists of an intricate network of radial and circular 
bundles of fibres, with relatively large interstitial spaces for the 
gradual circulation of blood. A definite circulation can hardly be 
detected except in the very centre of the muscle mass, where distinct 
vessels are found with a surrounding sponge of connective tissue and 
muscle fibres constituting a blood sinus. These vessels and the 
Spongy sinus into which they empty are supplied by the large pedal 
artery. A somewhat unique feature of this pedal muscle is the fact 
that all the main nerve trunks present in it lie embedded in this vas- 
cular sponge, each in a distinct tube or vessel, — an arrangement by 

? MENDEL and BRADLEY ; This journal, 1905, xiii, p. 17; 1905, xiv, p- 313. 
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which respiration and nutrition are assured to these more important 

tissues. 

When the foot is extended, as during locomotion, the amount of 

blood present in the interstitial spaces and in the central sinus is 

large; while during contraction, the greater portion of it is expelled 

by the contracting muscles. Thus extension of the foot, as of the 

proboscis, is apparently accomplished by the relaxation of the circular 

and radial muscle fibres and by the turgescence of the organ. 

The: large size of the pedal muscle makes it a most convenient 

material for the study of invertebrate muscle extractives. They rep- 

resent the katabolic changes taking place in a muscle whose normal 

contractions are extremely slow, and are consequently of especial in- 

terest when compared with the extractives from an active, rapidly 

contracting, invertebrate muscle, such for example as the adductor of 

Pecten, or the muscles of Octopus and the allied types of molluscs. A 

large number of pedal muscles were comminuted and extracted with 

water. By heating and acidifying slightly with acetic acid, the 

coagulable protcids were removed and the filtrate then concentrated. 

Glycogen. — When the filtrate was treated with alcohol to about 

sixty-six per cent, glycogen was precipitated in large amounts. By 

washing, redissolving, and reprecipitating several times, a fairly pure 

preparation of glycogen was obtained, giving the characteristic reac- 

tion with iodine and yielding dextrose after inversion.) Although no 

estimations were made to determine the amount of glycogen present 

in the muscle, it was evident from the quantity obtainable that this 

carbobydrate is present in the muscle in unusual amounts comparable 

to the glycogen in the liver of well-fed herbivora or in the active 

adductor muscle of Pecten. The fact that so inactive an organ should 

be provided with so large a supply of reserve carbohydrate can hardly 

be explained on the supposition that it is a local reserve for the 

muscle itself, to insure the presence of nutrient material sufficient 

for intense or prolonged work. The pedal muscle, as has been 

stated, is one of limited activity. It seems probable that the muscle 

serves a further function, like the liver of higher animals, in storing 

up reserve carbohydrate for the general needs of the organism. 

This suggestion is supported by the fact that no glycogen could be 

found in the liver of Sycotypus, though dextrose was uniformly present 

there. 

1 The character of the product was further established by an elementary analysis 

and determination of the specific rotation of a purified sample, by Mr. R. W. 

LANGLEY. 



Studies on the Physiology of the Molluscs. 169 

The alcoholic filtrates from the glycogen separation were concen- 

trated to a syrup and allowed to stand for several days in the cold. 

At the end of this time crystals of two distinct types had formed, — 
long needle-shaped prisms suggestive of taurin, and small white burrs. 

Filtering through cloth under suction and washing with cold water 

left a mass of nearly white crystals which could be separated by the 

greater solubility of the taurin in hot water. The residual burr- 

shaped crystals were then dissolved in boiling water and recrystal- 
lized. The substance was found to be magnesium lactate. 

Lactic acid. — An analysis of the crystals was made with a view to 
determining whether the lactic acid present in the muscle tissue was 

the sarcolactic acid characteristic of vertebrate muscle, or fermen- 

tation lactic acid. The method of identification depends upon the 

fact that the zinc salts of the two acids crystallize with different 
amounts of water, corresponding to the two formulas: Zn(C,;H,Oy)s ° 
2 H,O for the sarcolactate, and Zn(C,H;O,), * 3 H,O for the salt 
of fermentation lactic acid. 

The crystals, purified by repeated recrystallizations from hot water, 
were dissolved in H,SO,, and the solution extracted with ether. The 
residue obtained by evaporation of the ether was dissolved in water, 
and ZnCO, added to the solution until the reaction was complete. 
The excess of ZnCO, was filtered off and the zinc lactate solution 
concentrated to crystallization. The salt obtained, after purification, 

was dried to constant weight at 100° for analysis. The experimental 
data which follow indicate that the substance was fermentation lactic 
acid, 

maltdnediatiroo =  ..'.) 5 = o-<626/em. 

Saltidnediatenros (ov 18. . ae == ao bos ome 

Salfidrietatargo". 2 . 9) | . = 0.4605 gm. 

Hossiof water: Werma) sil. lane os olasiipm: 

Water of crystallization . . . . = 18.15% 

Calculated for Zn(C,;H;O;). - 3 H.O = 18.18% 

A determination of the ZnO present in the salt was made as a 
further check: 

Zoe found we sk 2 Seas 
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The occurrence of fermentation lactic acid alone and in such 
considerable amounts in the muscle of Sycotypus is unique and char- 
acteristic of invertebrate muscle metabolism, —at least of molluscan 
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muscle. In a recent study of the muscle extractives of Octopus, 

Henze! also found that sarcolactic acid was wanting among the 

extractives, while fermentation lactic acid was normally present. 

That this acid cannot come from any possible fermentation of the 

carbohydrate of the tissue, Henze has shown conclusively ; for the 

Octopus muscle contains no glycogen. In our own experiments 

the possibility of fermentation was precluded by using only the living 

tissues, under conditions which excluded bacterial action. 

Taurin. — The solution of taurin was concentrated, decolorized, and 

alcohol added to incipient crystallization. Upon cooling, a mass of 

fine crystals with the characteristic prism form of taurin separated. 

The characteristic solubilities, the presence of both sulphur and 

nitrogen, and the high temperature of decomposition gave further 

proof of the identity of this compound. In samples purified for 

analysis decomposition was found to begin at 280° to 290° without 

any previous fusion, This was found to correspond closely to the 

decomposition figures for taurin obtained from the bile. 

Analyses were made to determine the sulphur and nitrogen 

content of the compound as the final proof of its identity. Nitrogen 

was estimated by the Kjeldahl-Gunning method, giving 11.37 per 

cent. Calculated for NH,-CH,-CH,-SO,H, the nitrogen is 11.22 

per cent. Sulphur was determined after fusion with sodium hydrate 

and potassium nitrate, by precipitating it as barium sulphate. The 

sulphur found constituted 25.89 per cent of the compound, 25.62 

per cent being the calculated amount. 

The occurrence of taurin in the muscle of invertebrates has been 

known since 1845, when Karsten * isolated a crystalline body from the 

watery extracts of certain molluscs, and identified it qualitatively 

with the taurin obtained from the bile. Since that time the list 

of molluscs known to have taurin as a normal constituent of 

their muscle extractive has been greatly extended by the work of 

Kruckenberg? until it includes the following: Doriopsis, Turbo, 

Cassidaria, Mytilus, Ostrea, Pinna, Arca, Spondylus, Pectunculus, 

Pecten, Murex, Octopus, Loligo, and Sepia. Recently Agnes Kelly # 

determined the amounts of taurin present in the tissues of Pecten 

1 HENZE: Zeitschrift fiir physiologische Chemie, 1904, xlili, p. 477. 

2 KARSTEN: Nova Acta Academiz Leopoldino-Caroline, Serie 21, 1 Teil, 

1845 ; VON FUrtu: Vergleichende chemische Physiologie, p- 207- 

3 KRUCKENBERG: Cf. von Fiirth, /oc. cét. p- 437- 

4 KeLLy: Beitrage zur chemischen Physiologie, 1904, Vv, P- 377- 
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opercularis and the common mussel, Mytilus edulis, while Mendel! 
and Jaffa in this laboratory isolated and identified the same body in 
the pedal muscle of Haliotis, the common abalone of the Pacific coast. 
Evidently taurin is a characteristic compound formed in the mollus- 
can muscle katabolism. The finding of it in the invertebrate muscle 
is of particular physiological interest in view of the close relationship 
which has recently been shown to exist between taurin, cystin, and 
the proteids. In many invertebrates taurin is accompanied by 
glycocoll, as was shown first by Chittenden? in his examination of 
the extractives of the adductor muscle of Pecten irradians. We 
have been unable to isolate any glycocoll from the muscle extracts 
of Sycotypus. If glycocoll is present in this case, it must be in 
insignificant amounts. 

After the removal of the lactates and taurin, the filtrate was treated 
with a slight excess of lead acetate and the insoluble lead salts. fil- 
tered off. The excess of lead was removed as the sulphide, and the 
filtrate concentrated. A second crop of taurin crystals was obtained 
at this point, but no glycocoll. The purin bodies were precipitated 
as silver compounds, the precipitate, washed with dilute ammonia, 
dissolved in hot 5 per cent nitric acid, and the solution slowly 
cooled. 
Hypoxanthin.— A precipitate of hypoxanthin silver nitrate separated 

from the cold acid solution in characteristic microscopic crystals. 
It was decomposed by hydrogen sulphide to remove the silver, and the 
hypoxanthin nitrate allowed to crystallize. The compound gave the 
typical hypoxanthin reactions — negative murexide test, and (after 
reduction with zinc and hydrochloric acid), a red color with alkali in 
excess. 
Xanthin. — The filtrate from the hypoxanthin silver nitrate was 

made ammoniacal again to precipitate the xanthin silver, The latter 
was then digested with hydrogen sulphide until the silver was com- 
pletely separated as silver sulphide. The solution containing the free 
xanthin was then evaporated to dryness, and the yellow residue gave 
a typical murexide reaction for xanthin. The bulk of the residue was 
dissolved in warm dilute potassium hydrate solution and made up to 
a volume of about 200 c.c. Following Horbaczewski’s method, acetic 
acid was added until the solution was faintly acid, and then alcohol 

' Cf. MENDEL: Beitrage zur chemischen Physiologie, 1904, v, p. 582. 
* CHITTENDEN: Annalen der Chemie und Pharmacie, 1875, clxxviii, p. 266; 

American journal of science, 1875, (3), X, p. 26. 
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until the volume was about 300c.c. This dilute, faintly acid, alcoholic 

solution deposited the xanthin in large perfect burrs of plates in the 

course of several days. The crystal form and the characteristic sol- 

ubilities of the xanthin compounds, together with the murexid test, 

served to identify it. 

The muscle of Sycotypus has thus been shown to contain the follow- 

ing typical extractive compounds in significant amounts: Glycogen, 

lactic acid (fermentation), taurin, hypoxanthin, and xanthin. The 

most important recent contribution to the subject of invertebrate 

muscle katabolism is the previously mentioned paper by Henze 

upon the extractives of Octopus muscle. He likewise found taurin, 

fermentation lactic acid and hypoxanthin present; and glycocoll 

was wanting as in the muscle of Sycotypus. The most striking dif- 

ference between the muscles of these two molluscs is the glycogen 

content. Octopus muscle contains no glycogen, while the tissue of 

Sycotypus is exceptionally rich in it. In the case of Octopus the 

carbohydrate of the muscle is apparently combined in the form of a 

glycoproteid, as boiling with acid produced a reducing sugar. 

Tue BLOop. 

The blood of Sycotypus consists of formed elements and plasma. 

The formed elements — large amceboid cells with characteristic long 

pseudopodia — are comparatively few. They are quite typical of 

molluscan blood in general, and exhibit no characteristics peculiar to 

this gasteropod. The plasma, on the other hand, is of interest 

because of the nature of the respiratory proteid which it holds in 

solution. Incision into the pedal sinus is followed by an abundant 

flow of the opalescent, nearly colorless blood, squeezed out forcibly by 

the reflex contraction of the muscle. In contact with the air, the 

blood changes from a colorless to a deep blue solution. For this 

reason and from the fact that copper is present in loose combination, 

we may call its respiratory proteid, provisionally at least, a hamo- 

cyanin, Further study has shown it to differ in several important 

respects from other hamocyanins. 

In general the hamocyanins — for there seems to be good evi- 

dence that the bloods of various species contain somewhat different 

forms of this respiratory proteid — are characterized by the presence 

of copper in proteid combination analogous to the iron of hamoglo- 

bin. They are all colorless in the reduced condition, deep blue in 
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the oxidized or oxygenated state. As a rule, they coagulate at about 
63°. Octopus hemocyanin can be crystallized from its solutions. 

Although it had been well known for some time that certain 
marine animals have blood of a characteristic blue color, Frédéricq } 
was the first to study these bloods quantitatively. He showed the 
uniform presence of copper, the evident analogy between the presence 
of this metal and the iron of hemoglobin, and the dependence of the 
compound for its respiratory efficiency upon the metallic combina- 
tion. He also suggested the name hemocyanin for the blood proteid 
of this type. Since then it has been found that the hamocyanins 
are of very wide distribution; not only are they common among the 
marine molluscs, but they are also found in many land types, in the 
crabs, arthropods, etc. 

Owing to the readiness with which it may be secured, cephalopod 
blood has been the subject of the most careful investigation. 
Griffiths? found its proteids to contain: Nitrogen = 16.27 per cent; 
copper = 0.33 percent. The hemocyanin in this case was purified by 
precipitation with MgSQ,, resolution and reprecipitation in alcohol. 
Henze,® after showing the possibility of obtaining hemocyanin in 
crystalline form, separated the latter, and obtained analytical 
figures, nearly identical with those of Griffiths: Nitrogen = 16.08 per 
cent; copper = 0.30 per cent. In our examination of the blood of 
Sycotypus we obtained copper and nitrogen figures quite different 
from those of Griffiths and Henze. Instead of the ratio N 16 per 
cent: Cu 0.35 per cent, we have N 14 per cent: Cu 0.043 per 
cent. That is, the blood proteids of Sycotypus contain less nitrogen 
than those of Octopus, and only one-tenth of the copper content 
of the latter. The lack of copper is in part supplemented by the 
presence of zinc in Sycotypus hemocyanin, as is shown in the table 
of analyses (see p. 174). 

The hemocyanin of the blood was obtained fresh in each case from 
the pedal sinus, by precipitation with alcohol, washed with a large 
amount of the latter, and finally dehydrated with pure alcohol and 
ether, and dried to constant weight for analysis. 

“ Hemosycotypin.” — Evidently in the respiratory proteid of Sycoty- 
pus we have a hemocyanin-like compound in which zinc as well as 
copper is normally present. Qualitative tests made at intervals 

? FREDERICQ; Comptes rendus de I’académie des sciences, 1878, Ixxxvii, p. 996. 
* GRIFFITHS : /éid., 1892, cxiv, p. 496. 
* HENZE: Zeitschrift fiir physiologische Chemie, 1901, xxxiii, Pp. 370. 
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covering a period of over two years, on animals dredged from widely 

separated portions of Long Island Sound, all show the uniform 

presence of zinc in the blood. The zinc of the liver and the zine of 

the blood are presumably interdependent and coexistent in Sycotypus. 

For this reason, and because of certain other differences between this 

compound and the typical hzemocyanins — such, for example, as the 

failure to obtain it in crystalline form and its low nitrogen content — 

we provisionally propose the name of “hzemosycotypin” for this 

respiratory proteid. 
BLoop ANALYSIS. 

Ash. Cuinash. | Cu in tissue. Zn in ash. Zn in tissue. 

per cent per cent per cent per cent per cent per cent 

8.83 0.506 0.045 0.332 0.029 14.38 

9.12 0.445 0.041 0.284 0.026 14.35 

Av. §.97 0.474 0.043 0.305 0.027 14.37 

The more active an animal is in its metabolic processes, the more 

rapid must be its respiratory exchanges also. As a rule, therefore, 

those groups of animals which exhibit the most pronounced activity 

— such as the vertebrates, for example — are provided with the most 

perfect circulatory mechanisms and the most efficient respiratory 

pigment — haemoglobin. Forms of low metabolic activity require 

less perfect circulatory systems and less efficient oxygen carriers. In 

the mollusc family, therefore, the greatest variety of respiratory pig- 

The most striking features of these proteids 
ments is to be found. 

copper is found most 
are their characteristic metallic elements ; 

frequently, iron less so, manganese and zinc in rare or unique in- 

Thus the hemocyanins are the most common molluscan 
stances. 

oxygen carriers, haemoglobin and hemorhodin prominent, while 

pinnaglobin anc “ hamosycotypin,” containing respectively manga- 

nese and zinc, are only known in rare or isolated instances. 

Not only do the respiratory proteids vary in composition and in 

their characteristic metallic content, but the oxygen-carrying effi- 

ciency of bloods with the same metallic element varies. This fact 

has been suggested in the case of the true hemocyanins at least. 

Dhéré! pointed out that the efficiency of a hemocyanin varies with 

1 Du&éré : Comptes rendus de la société de biologie, 1909, lii, p. 52: 
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the amount of copper present in it, and that the amount of oxygen 

absorbed is proportional to the content of copper. Thus Octopus 
hzemocyanin contains ten times the amount of copper present in 

“haemosycotypin’’; presumably its efficiency in carrying oxygen is 

proportionately larger; and this difference expresses fairly well the 

difference in the general activity of the two molluscs, Octopus being a 

highly active, rapidly moving type of mollusc, with highly developed 

sense organs, while Sycotypus typifies the other extreme. Dhéré’s 

analyses of the blood of another mollusc of*low metabolic type — 
Helix pomatia—show a similar difference in the constitution of 

the hzmocyanins. In 100 c.c., Octopus blood yielded 18 to 23.5 

mgm. of copper; Helix blood only 6.5 to 12.5 mgm.; that is, the 

blood from Octopus has a copper content decidedly greater than 

that of Helix. 

Hemoglobin. —In many of the gasteropods the pharynx muscles 

operating the apparatus for comminuting the food are pigmented red. 

In some the red pigment seems to be associated with the muscle 
plasma only, and can thus be readily separated from the tissue by 

washing. In others the pigment is also fixed in the muscle cells them- 

selves; and this fraction is much more difficultly separable. . In the 

case of the pharynx muscles of Sycotypus which are thus pigmented, 

the coloring compound is present both in the plasma and in the 

muscle cells. The heart muscles are also pigmented, as are the 

ganglia and main nerve trunks, though the identity of the pigment 
in the latter is less certainly determined. 

From the pharynx muscles a colored solution can be obtained by 
grinding the tissue in a mortar and extracting with water. As was 
mentioned in a former paper,! this pigment is identical, apparently, 

with oxyhamoglobin from vertebrate blood. It gives the characteris- 

tic spectral absorption bands, it can be reduced with Stokes’s fluid to 
hemoglobin, and on shaking with air may be reoxidized to oxy- 

hemoglobin. It will also give the haemin crystals. 

The heart muscles are much less brilliantly pigmented, and the 

pigment is much more firmly fixed in the tissue; but it is possible to 

separate enough of the compound to show the characteristic absorp- 

tion bands of oxy- and reduced hemoglobin. The pigment of the 

nerve trunks and ganglia could not be identified with any great 

accuracy because of the small amount of material and the diffi- 

culty of separating the pigment. What slight evidence was obtained 

1 MENDEL and BRADLEY: Loe. ctt. 
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indicates that the nerves and ganglia are also pigmented with 

haemoglobin. ; 

What the significance of this pigment in the heart and pharynx 

muscles is we may conjecture from the functions of these organs. 

They are the only muscles of Sycotypus that are required to perform ” 

rhythmic contractions over long periods of time. The heart contracts 

rhythmically, though slowly, and must continue to do’ so when the 

animal’s respiration is seriously interfered with. The heart must 

therefore have a more certain provision for this continued activity 

than the pedal muscle, for example, would require. The pharynx 

muscle in the same way is required at certain times to contract rhyth- 

mically and rapidly, as when food is being comminuted, so that it too 

is provided with a special mechanism for tissue respiration. The im- 

portance of the hemoglobin as a respiratory pigment in these organs 

of exceptional activity in the animal is apparent when the superiority 

of this pigment over hzemocyanin as an oxygen carrier is recalled. 

Henze showed that the efficiency of Octopus hemocyanin is about 

one-fourth that of hemoglobin, and we may safely assume that the 

efficiency of ‘‘ haemosycotypin” is much less, because of its smaller 

copper content. It is adapted to the demands of the low metabolism 

of the animal as a whole, but in those more active organs mentioned 

where a more rapid respiration is essential, a more efficient oxygen 

carrier has been provided in the course of the animal’s evolution. 

SuMMARY. 

The pedal muscle of Sycotypus canaliculatus is shown to contain 

glycogen in abundance, taurin, hypoxanthin, xanthin, and fermenta- 

tion lactic acid. Glycocoll was not detected. The muscle extrac- 

tives of this gasteropod thus closely resemble those obtained from 

different types of molluscs by Henze and others. 

The blood proteids of Sycotypus contain both copper and zinc, 

differing from the familiar heemocyanins in the occurrence of the 

latter element and in the proportion of copper present. 

Hzemoglobin is present in some of the more active tissues, such as 

the heart and pharynx muscles. The significance of some of these 

peculiarities in the distribution of the “respiratory” pigments is 

briefly discussed. 



ON THE POINT OF ACTION OF DRUGS ON THE HEART 

WITH SPECIAL REFERENCE TO THE HEART OF 

LIMULUS. 

By A. J. CARLSON. 

[From the Hull Physiological Laboratory of the University of Chicago.] 

I. INTRODUCTION. 

HE study of the action of drugs on the Limulus heart was 

undertaken with a twofold purpose, namely, to compare the 

pharmacology of this heart with that of the vertebrate heart, and, 

second, by determining whether a certain drug exerts its specific 

action on the heart ganglion or on the heart muscle or on both, to 

throw some light on the mechanism of action of these drugs on hearts 

in which the nervous and the muscular tissues cannot be separated for 

experimental purposes. My purpose in comparing the pharmacology 

of the Limulus and the vertebrate hearts was mainly to obtain 

further data on the fundamental similarity (or, if you please, dis- 

similarity) between the nature of the heart rhythm in Limulus and 

the vertebrates. In so far this paper is a continuation of the work 

on the Limulus heart already reported in this journal. I have stated 

before that the demonstrations of the neurogenic nature of the 
rhythm and conduction in the Limulus heart are demonstrations for 
that heart only; but if it is shown that there are no fundamental 

differences in the reactions and the behavior of the Limulus and the 

vertebrate hearts, the probability that the mechanism of the heart 
rhythm is the same in both becomes stronger. 

The literature on the pharmacology of the vertebrate heart is very 

extensive. While there may be said to be a fairly general agreement 

as to the specific action on the heart of many drugs in therapeutic 

doses in the intact animal as well as on the isolated heart, the inter- 

pretations of the mechanism of this action of the drug on the heart 

are based almost entirely on analogies and unproven assumptions. 

The adherents of the myogenic theory of the nature of the heart beat 
177 
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ascribe the effects of most drugs — except those that are supposed 

to act mainly on the inhibitory nerve endings — to a direct action 

on the heart muscle. If the automatism of the heart is due to the 

peculiar properties of the heart muscle, the mechanism of action of a 

drug on an isolated heart must be relatively simple. The drug may 

augment or depress the rhythm by acting directly on the automatic 

heart muscle or by stimulating the augmentor or inhibitory nerves 

and nerve endings in the heart. A depressor action of a drug on 

the augmentor or inhibitory nerves and nerve endings would not 

affect the rhythm of the isolated heart, as there seems to be no 

evidence that the extrinsic heart nerves have any “ tonic” action on 

the heart after these nerves have been severed from the central 

nervous system. 

If the neurogenic theory of the nature of the heart rhythm repre- 

sents the actual facts, however, the possible mechanisms of action 

of a drug on the isolated heart become more numerous, The 

heart rhythm may be augmented or inhibited by the drug acting (1) 

on the heart muscle in a way to increase or decrease excitability 

and contractility ; (2) on the automatic ganglion or ganglia in a way 

to augment or inhibit both the intensity and the rate of the nervous 

discharges; (3) on the nerves (and nerve endings) leading from the 

ganglia to the heart muscle in a way to increase or decrease their 

excitability and conductivity, and lastly (4) on the vagus and accel- 

erator nerves and nerve endings in connection with the automatic 

ganglia, the nerve plexus, or the heart muscle. We have practically 

no direct knowledge enabling us to decide between these or any 

combination of these possible points of action of the drug on the 

heart, because no one has so far succeeded in separating the nervous 

and the muscular tissues in the vertebrate heart for experimental 

purposes. It is obvious that I refer to the action of minimal or 

therapeutic doses of the drugs. At sufficient concentration all drugs 

will apparently act on all forms of protoplasm, but in minimal 

strengths many drugs appear to have a “ selective ” action, attacking 

one tissue while leaving another practically unaffected. This selec- 

tive action of therapeutic doses must, of course, be due to some 

physico-chemical differences in the tissues. Accurate determination 

of this selective action is therefore a valuable step in furthering our 

knowledge of the mechanisms of actions of the drugs on the living 

tissues. 

For a description of the method of preparing the Limulus heart for 
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these experiments the reader is referred to the preliminary paper and 
to the paper on the action of the temperature variations on the 
Limulus heart.! It will be seen from these descriptions and figures 
that under conditions allowing ordinary and exceedingly accurate 
graphic registration of the heart rhythm the action of a drug in 
solution can be confined either to the heart ganglion or to the 
heart muscle (and nerve endings) at will. The graphic method was 
used exclusively, as the action of most of the drugs in dilute solu- 
tion would escape direct observation. The conclusions as to the 
action of any one drug are based on experiments on at least ten 
different hearts. In the cases of most drugs the experiments were 
repeated on many more preparations, in order to eliminate acci- 
dental errors or individual variations. 

The drugs were dissolved in Limulus plasma or sea water. Isoto- 
nicity of the medium is thus maintained, except in so far as the 
osmotic pressure of the plasma or sea water is directly altered by 
the drug, or altered in reference to the heart tissues by changing the 
permeability of the latter. 

Errors from temperature variations were excluded by using all 
solutions at the same temperature, namely, that of running sea water. 
It has been shown by Newman that the Limulus heart tissues exhibit 
a relatively great resistance to the lack or deficiency of oxygen in 
the surrounding medium. Slight differences in the oxygen tension 
of the different solutions employed may therefore be left out of 
account. 

The drugs used were, with the exception of adrenalin and ergot, 
of Merck’s manufacture. 

In reporting the results I have adopted the plan of first describing 
the separate action of the drug on the heart ganglion and the heart 
muscle as well as on the whole heart of Limulus, and then by com- 
paring these results with the known action of the same drug on the 
vertebrate heart suggest the probable mechanism of action of the 
drug in the frog and mammal. A comparison between the pharma- 
cology of the Limulus heart and the vertebrate heart is not easily 
made with our present data, because the data on the action of drugs 
on the intact frog or mammal cannot be used, owing to indirect 
effect on the heart rhythm from the action of the drug on other 
tissues. Only the data on the action of the drugs on the isolated 
heart are available for this comparison, And even these are not 

1 CARLSON: Science, 1904, xx, p- 684; this journal, 1906, xi, p. 207. 
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strictly comparable to my data on the Limulus heart, because the 

rhythm of the whole heart of frog or mammal is much more com- 

plicated than that of the isolated Limulus heart, particularly in the 

mechanism of co-ordination and conduction between the different 

parts of the heart. A series of data on the action of these drugs on the 

isolated sinus venosus of vertebrates would be comparable with the 

data on the isolated Limulus heart, because in the former the factors 

of conduction and co-ordination would be to a great extent eliminated. 

Such a series of observations should be made. 

For the comparison of the action of these drugs in Limulus and 

the vertebrates I have received much assistance from the last editions 

(1906) of the textbooks of pharmacology of Cushney and Sollmann 

in the way of reference to the literature. 

A word in the way of explanation regarding the interpretation of 

the action of the drugs on the ganglion-free part of the Limulus 

heart is perhaps in place. When the solution of a drug is applied 

to the ganglion-free anterior end of the heart, the contraction of that 

part of the heart may continue unchanged, in which case the drug 

has little or no action either on the muscle or on the motor nerves 

and nerve endings, or the beats may be weakened or strengthened. 

This change in the amplitude of the contractions may be due to the 

action of the drug either directly on the muscle or on the nerves and 

nerve endings, or on both. It is also conceivable that the influence 

of the drug on the two tissues may be in opposite directions, that is, 

stimulation of the one and depression of the other. In fact, I have 

some evidence pointing to such conditions in the case of some drugs. 

But in this report I speak, provisionally, of the influence of the drugs 

on the ganglion-free part of the heart as due to the action on the 

muscle. Experiments are in progress in this laboratory to determine 

whether it is purely or even mainly a muscular action. 

In the experiments to determine the action of a drug on a ganglion- 

free part of the heart simultaneous records were taken from the two 

ends of the heart, so as to be sure that changes in the rhythm of the 

ganglion-free part were not due to changes in the activity of the 

ganglion. 

Il. Tue Action oF ALCOHOL. 

1. The heart ganglion of Limulus. E7¢/y/ alcohol has a primary stimu- 

lating action on the Limulus heart ganglion. — The heart ganglion of 

this animal is, however, not very sensitive to the action of alcohol. 
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In a solution of 1 c.c. of alcohol to 500 c.c. of plasma or sea water the 

primary stimulating action of the alcohol is very slight, and the 

ganglion will continue in activity in this mixture for several hours. 

One per cent alcohol in plasma or sea water produces immediate 

stimulation of the ganglion, and in greater concentrations the 

augmented rhythm becomes irregular and the stimulating phase is 

soon followed by depression and ultimate paralysis. In the weaker 

eM AVL ' 
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Ficure 1.—Four-sevenths the original size. Tracings from the anterior end of the 

Limulus heart. A, x, } per cent alcohol in plasma applied to the isolated ganglion- 

Showing primary stimulation. 2 (ganglion extirpated from anterior end of heart), «x, 

2 per cent alcohol in plasma applied to anterior end. Showing primary stimulation 
of ganglion-free part of the heart. 

concentrations the stimulating action appears only in increased 
intensity of the nervous discharges, the rate remaining unaltered, but 

in the stronger concentrations the rate is also augmented. 
2. The heart muscle of Limulus. L¢hy/ alcohol has a primary 

stimulating action on the Limulus heart muscle.— This stimulating 
influence appears in gradually increasing amplitude of the contrac- 
tions when the ganglion-free anterior end of the heart is bathed in a 
mixture of plasma and alcohol. The rate of the rhythm can, of 
course, not be affected when the drug does not reach the heart 
ganglion. Solutions of alcohol and plasma that are just able to 
exhibit a stimulating influence on the heart ganglion (1 part 
alcohol to 500 parts plasma) do not appear to influence the heart 
muscle at all, but in greater concentrations (} per cent, 1 per cent, 
2 per cent) the primary stimulating action becomes evident in the 
stronger contractions. 

Ethyl alcohol has therefore the same action on the two tissues of 
the Limulus heart. The depression and ultimate paralysis caused by 
the alcohol is preceded by a primary stimulating phase both of the 
heart muscle and the heart ganglion; the only difference between the 
two tissues in their reactions to the drug is the relatively greater 
sensitiveness of the ganglion. 
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3. The vertebrate heart. —The actual primary influence of alcohol 

on the vertebrate heart has been, and is still, apparently, a matter of 

controversy. The Schmiedeberg school of pharmacologists contend 

that alcohol has no primary stimulating action on the heart. Accord- 

ing to the Schmiedeberg school, the accelerated rhythm following 

administration of alcohol in the mammal is an indirect effect of 

increased muscular activity and depression of cerebral inhibitory 

centres, and not due to any direct stimulating action on the heart 

itself. Wood and Hoyt! (1905) have, however, recently shown that 

small amounts of alcohol augment the force of the heart beat in the 

frog, and Loeb? has shown that the same is true for the isolated 

mammalian heart. It would therefore seem that alcohol in weak 

concentrations has a slight primary stimulating action on the ver- 

tebrate heart, just as it has on the Limulus heart. In_ stronger 

concentrations this stimulating phase is probably of such a brief 

duration that it may readily escape observation. There appears to 

me no good reason for holding that the stimulating action of alcohol 

on the vertebrate heart is solely on the heart muscle. Lee and 

Salant? have shown that small amounts of alcohol stimulate the 

skeletal muscle of the frog, and we have seen that alcohol similarly 

stimulates the Limulus heart muscle. Waller has shown that alcohol 

causes an initial increase in excitability of nerve. Alcohol causes 

an initial augmentation of voluntary contractions in man, The 

“stimulant phase” in the action of alcohol is just as readily explained 

by a stimulation of the cerebral centres as by depression of possible 

inhibitory centres or nervous impulses. There can be no doubt that 

alcohol has a primary stimulating action on skeletal muscle. In 

the Limulus heart alcohol similarly stimulates both the muscle and the 

ganglion. And as alcohol has a similar stimulating action on the 

vertebrate heart, it seems probable that it acts both on the heart 

muscle and on the heart ganglia. 

Ill. Tue Action or EruEer, CHLOROFORM, CHLORETON, 

CHLORAL HYDRATE. 

1. The heart ganglion of Limulus. The anesthetics chloroform, ether, 

chloral hydrate, and chloreton have a primary stimulating action on the 

1 Woop and Hoyt: University of Pennsylvania medical bulletin, 1905, xviii, 

p- 70. 
2 Logs, O: Archiv fir experimentelle Pathologie und Pharmakologie, 1905, lii, 

P- 459- 
8 Ler and SALANT: This journal, 1902, viii, p. 61. 
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Limulus heart ganglion.— The ultimate depression and paralysis of 

the ganglion produced by these anesthetics is always preceded by 

stimulation. This primary stimulating action is the more intense and 
of briefer duration, the stronger the concentration of the anzsthetic. 

The stimulating action on the ganglion appears both in the rate and 

in the intensity of the nervous discharges, mainly in the latter in case 
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Ficure 2.— About two-thirds the original size. Tracings from the anterior end of the 

Limulus heart. In 4, C, D, the ganglion was removed from the anterior end. 

x, application of the drugs. 2’, the drugs replaced by plasma or sea water. 4, chlo- 

roform 1-5000 on ganglion-free end. Showing primary stimulation. 4, chloreton 

1-5000 on the isolated ganglion. Primary stimulation. C, chloreton 1-1000 on the 
heart muscle. Z, chloreton 1-500 on the heart muscle. Primary depression. 

of weak concentrations of the drugs. In relatively strong concentra- 

tions the augmented rhythm of the heart ganglion becomes irregular 

prior to the depression and final paralysis. In equal concentrations 

chloroform stimulates the ganglion much more intensely than ether. 

Chloroform also acts more strongly than chloreton, the latter occupy- 
ing a position midway between chloroform and ether. Thus 1 c.c. 

chloroform dissolved in 10,000 c.c. plasma usually stimulates the 
ganglion as intensely as the same amount of ether dissolved in tooo 
c.c. of the plasma. 

2. The heart muscle of Limulus. ther, chloral hydrate, and chlore- 

' ton in concentrations that appreciably affect the heart muscle produce 

depression with no indication of a primary stimulation. Chloroform 

tends to produce tonus contraction prior to and simultaneous with the 
depression of the beats. — The depression can, of course, be manifested 
only in the amplitude of the beats. These drugs, with the possible 
exception of chloroform, have therefore an opposite action on the 
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heart muscle from that on the heart ganglion. But the heart muscle 

is less sensitive to the action of these drugs than is the heart gan- 

glion, as is shown by the fact that concentrations of these drugs too 

weak to affect appreciably the muscle, except very gradually, cause a 

distinct stimulation of the ganglion. In consequence of this, the 

depressor action on the heart muscle does not obscure or counteract 

the stimulating action on the ganglion when the whole heart is sub- 

jected to the action of weak solutions of the drug. These weak 

solutions always stimulate the whole heart. 

3. The vertebrate heart. — Chloroform and ether appear to depress 

the vertebrate heart (frog, dog) without any primary stimulation 
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FiGuRE 3.— About one-half the original size. Tracings from the anterior end of the 

Limulus heart. 4 (preparation in poor condition), «, ether in plasma 1-1000 applied 

to isolated ganglion. Showing primary stimulation. 2, ether in plasma 1-500 applied 

to the ganglion-free anterior end. x’, the anzesthetic replaced by sea water. Showing 

primary depression. 

similar to that on the Limulus heart ganglion. Hedbom ! found that 

chloral hydrate has a primary stimulating action on the isolated mam- 

malian heart, and according to Harnack and Bohme? chloral hydrate 

acts as a primary stimulant to the frog’s heart. According to some 

investigators, however, chloroform and ether have a primary stimu- 

lating action on other tissues. Waller found that these anzsthetics 

increased the excitability of motor nerves. There is some evidence 

that chloroform stimulates the vaso-constrictor centres. It is also 

said to constrict the coronary vessels. The “ excitement ” stage in 

chloroform and ether anzesthesia may be due toa primary stimulating 

action of the drugs on the central nervous system. Pickering ® found 

that chloroform and ether stimulate the embryonic heart (chick). 

The stimulating action is particularly marked with ether. In the case 

of chloroform Pickering concludes that it has a depressant action, 

but in the experiment he cites the heart rate is increased from 120 to 

140 per minute, while the rhythm is at the same time rendered irreg- 

1 HEprom:; Skandinavisches Archiv fiir Physiologie, 1899, ix, p- 22- 

2 See ROHDE: Archiv fiir experimentelle Pathologie und Pharmakologie, 1995, 

liv, p- 104. 

8 PICKERING: Journal! of physiology, 1893, xiv, p- 444. 
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ular. We have seen that these anzsthetics have an opposite action, 

on the Limulus heart muscle from that on the Limulus heart gan- 

glion. It is possible that in the case of the vertebrate heart the 

depressor action on the muscle obscures or overbalances any slight 

stimulating action on the heart ganglion. 

IV. THe Action oF STRYCHNIA. 

1. The heart ganglion of Limulus. So/utions of strychnia sulphate in 

plasma or sea water act as primary stimulants to the heart ganglion. — 

In relatively strong concentrations the stimulating phase is followed 

by irregularity in the rhythm, depression, and ultimately paralysis of 

the ganglion. Distinct stimulation of the ganglion is produced by 

strychnia in dilutions of 1 part of the drug to 5000 parts of plasma. 

At this dilution the stimulation appears only in the increased in- 

tensity of the nervous discharges, the rate of the nervous discharges 
remaining unaltered. In concentrations of 1 to 4000 or I to 2000 

the rate of the ganglionic activity is also augmented. The stimu- 

lating action of strychnia on the heart ganglion is counteracted by 

calcium chloride. 
2. The heart muscle of Limulus. S¢rychnia has no distinct effect on 

the heart muscle of Limulus, except a gradual depression when applied 

in strong concentrations. —In strength of 1 part of the drug to 

4000 or 5000 parts of plasma, no specific effect on the muscle could 

be detected ; in concentrations of 1 part to 300 or 400 there appeared 

to be a gradual depression. In no case did I observe a primary 

stimulating action of strychnia on the heart muscle, and we are there- 

fore forced to the conclusion that this drug has primarily an opposite 

action on the two tissues composing the Limulus heart, namely, a 

strong stimulating action on the ganglion, and only a slight action 

on the muscle (or nerve endings) in the direction of depression of 

excitability and contractility. 

3. The vertebrate heart. — The literature on the action of strychnia 

on the vertebrate heart is very conflicting. It seems probable that 

the changes in the heart rhythm following the administration of small 

doses of strychnia in the intact mammal are not due to a direct 

action of the drug on the heart. Pickering! found that strychnia has 
a primary stimulating action on the embryonic heart. Hedbom® has 

1 PICKERING: Journal of physiology, 1893, xiv, p. 457. 

2 Hepsom: Skandinavisches Archiv fiir Physiologie, 1899, ix, p. 45- 
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shown that in relatively strong doses strychnia augments the rhythm 

of the isolated mammalian heart. Igerscheimer! concludes, however, 

that strychnia depresses the isolated heart of both frog and mammal 

without primary stimulation. We are justified in concluding that 

at least in certain conditions of the heart strychnia has primarily the 

same action on the vertebrate heart as on the Limulus heart, namely, 

stimulation followed by depression and paralysis. In the case of 

Limulus the stimulating action is confined to the heart ganglion. In 

the subsequent depression and paralysis the direct action of the drug 

on the heart muscle is probably a factor. The fact that strychnia 

stimulates nerve centres, but has scarcely any action on the skeletal 

muscles in vertebrates is an additional evidence that the stimulating 

action of the drug on the vertebrate heart is similarly due to its 

action on the motor heart ganglia. 

V. THe ActTION OF CAFFEIN. 

1. The heart ganglion of Limulus. Solutions of caffein in plasma or 

sea water stimulate the Limulus heart ganglion.—The stimulating 

action of caffein on the ganglion appears in dilutions represented by 

I part of the drug to 5000 or 10,000 parts of plasma. At this dilu- 

tion the rate of the ganglionic rhythm remains unchanged, but the 

intensity of the nervous discharges from the ganglion is augmented. 

In greater concentrations the rate of the ganglionic rhythm is also 

increased. In concentrations represented by 1 part of the drug to 

200 or 500 parts of plasma the augmented rhythm of the ganglion 

soon becomes irregular, and this is followed by depression and paraly- 

sis. The stimulating action of caffein on the Limulus heart ganglion 

is counteracted by calcium chloride. 
2. The heart muscle of Limulus. Zhe Limulus heart muscle ts less 

sensitive to the action of caffein than the heart ganglion, but the pri- 

mary action of the drug is the same on both tissues, i. e., stimulation, — 

Solutions of the drug represented by 1 part to 5000 parts of plasma 

have no appreciable effect on the heart muscle, although even at this 

dilution the drug is able to stimulate the ganglion. Stronger solu- 

tions (1 to 500, 1 to 1000) of caffein strengthen the contractions 

when applied to the ganglion-free anterior end of the heart. 

3. The vertebrate heart.— The literature is practically unanimous 

1 IGERSCHEIMER: Archiv fiir experimentelle Pathologie und Pharmakologie, 

1906, liv, p. 73. 
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in ascribing to caffein a primary stimulating action on the vertebrate 
heart. This is true for the isolated mammalian heart (Hedbom), for 

the embryonic heart of the chick (Pickering), as well as for the heart 

of cold-blooded vertebrates.’ But as caffein has a primary stimulating 

action both on the central nervous system and on the skeletal mus- 

cles in the vertebrates, and the same action, differing only in degree 
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FiGuRE 4.— About one-half the original size. Record from the anterior end of the Lim- 

ulus heart. The ganglion extirpated in first two segments, the lateral nerves being 

left intact. x, application of the drug to the ganglion-free anterior end. x’, applica- 

tion of the drug to posterior end of the heart containing the ganglion. 4, nicotin 

alkaloid in plasma 1-500,000. 4, atropin sulphate in sea water 14000. C, strychnia 

sulphate in plasma 1-2000. J, veratrin in plasma 1-800,000. , caffein in plasma 

1-2000. ¥, curare in plasma 1-1000. Showing primary stimulation of the ganglia 

by these drugs, and greater sensitiveness of the ganglion than the ganglion-free part 

of the heart. 

on the heart muscle and the heart ganglion of Limulus, it would seem 

probable that this drug has primarily the same action on the two 
tissues of the vetebrate heart. Whether the nervous tissue in the 
vertebrate heart exhibit greater sensitiveness to caffein than does the 

heart muscle must be determined by another line of investigation. 

VI. THe Action oF CURARE. 

1, The heart ganglion of Limulus. Curare has a primary stimulating 

action on the Limulus heart ganglion.— The weakest concentration 
of the drug (1 to 10,000) that affects the ganglion at all does not alter 

the rate of the rhythm, but it augments the intensity of the nervous 
discharges. In concentrations of 1 to 1000 or I to 500 the rate is 
also augmented, and the rhythm is also liable to become irregular. 
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Greater concentrations of the drug always produce irregularity of 

the rhythm simultaneously with the augmentation. No strength of 

the drug was found that would paralyze the ganglion withofit the 

primary stimulating phase. The stimulating action of curare on the 

heart ganglion is counteracted by calcium chloride. 

2. The heart muscle of Limulus. Solutions of curare do not seem to 

have any appreciable effect on the Limulus heart muscle, — Solutions 

of this drug in plasma or sea water in concentrations up to I to 500 

have no effect whatever on the muscle. We have seen that these 

strengths of curare have a strong stimulating action on the heart 

ganglion. When curare in strengths of 3 to 1 per cent is ap- 

plied to the heart muscle, the amplitude of the contractions is 

gradually diminished. It would therefore seem that-so far as curare 

has any action at all on the heart muscle and the motor nerves and 

nerve endings in the muscle, this action is the opposite to that on the 

heart ganglion, or in the direction of depression. I have made 

numerous observations on the action of curare on the molluscan and 

the crustacean heart. Curare, when of sufficient strength to affect 

the heart at all, has a primary stimulating action on the heart of 

these animals, just as when the drug is applied to the ganglion on 

the Limulus heart. Inasmuch as the drug has practically no action, 

or only a depressor one, on the Limulus heart muscle, it would seem 

probable that the stimulating action of this drug on the molluscan and 

crustacean heart is also due to the action on the motor heart ganglia. 

3. The vertebrate heart.— The vertebrate heart appears to be 

relatively resistant to the action of curare. According to Boehm and 

Tillie ! curare has the same action on the vertebrate heart as strych- 

nia and digitalis, that is, primary stimulation. It is well known that 

curare acts like strychnia on the central nervous system, and that it 

depresses skeletal muscle without primary stimulation. It is prob- 

able that experiments on the isolated mammalian heart would reveal 

the same primary stimulating action of curare as has been described 

for the Limulus heart ganglion. 

VII. THE Action oF NICOTIN. 

1. The Limulus heart ganglion. So/utions of nicotin in plasma or sea 

water have a primary stimulating action on the Limulus heart ganglion. 

1 Cited from BABAK and CHopounsky: Centralblatt fiir Physiologie, 1904, 

xviii, p. 282. 
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In the stronger solutions the primary stimulating action is quickly fol- 

lowed by irregularity in the rhythm, depression, and ultimate paralysis. — 

The ganglion is very sensitive to this drug. The stimulating action 

is obtained from the pure alkaloid in dilution of 1 to 1,000,000, or 
even I to 10,000,000. The salts of nicotin act less intensely. At ao 

x 
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Ficure 5.—4 to D, tracings from the anterior end of the Limulus heart, ganglion 

isolated posteriorly. ., application of the drugs to the isolated ganglion, 4, nico- 

tin 1-5,000,000. Stimulation. #, aconitin 1-500,000. Stimulation. C, pilocarpin 

1-1000. Stimulation. J, ergot 1-10,000. Depression. Z, ganglion-free part of the 
heart. x, digitalin 1-500 applied to heart muscle. Tonus contraction. 

these dilutions the only evidence of stimulation is the augmented 

‘intensity of the nervous discharges, the rate of the ganglionic rhythm 

remaining the same. In stronger solutions the rate of the rhythm is 
also augmented. In fact, the rate may be augmented, while the in- 

tensity is at the same time decreased. When solutions of the strength 

of 1 part of the drug to 50,000 or 100,000 parts of plasma are 
applied to the ganglion, the heart muscle is sent into a condition 

of incomplete tetanus or tonus, which is quickly followed by paralysis 
of the ganglion. An increase in the tonus of the muscle is apparent, 

even when nicotin in weaker solutions is applied to the ganglion. 

In concentrations of 1 to 4000 the heart ganglion is paralyzed within 

two minutes, after an intense stimulation, as shown by the incom- 
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plete tetanus and tonus of the muscle. The paralysis of the gan- 

glion is followed by complete tonus relaxation of the heart muscle. 

The stimulating action of nicotin, except in the stronger concen- 

trations, is counteracted by calcium chloride. 

2. The Limulus -heart muscle. NVicotin im dilute solutions has no 

appreciable effect on the Limulus heart muscle. In strong concentra- 

tions it depresses the ganglion-free part of the heart without primary 

stimulation. — Distinct depressor effects on the muscle usually be- 

gin in concentrations of 1 to 50,000 or I to 25,000; this is in the 

case of using the pure alkaloid, If salts of nicotin are used, much 

greater Concentrations are required to produce the depressor effects 

on the muscle. Solutions of the alkaloid of the strength of 1 to 5000 

or 1 to 1000 may also produce some tonus in the muscle. 

The conclusion seems therefore justified that nicotin has opposite 

actions on the two tissues of the Limulus heart. Solutions of the 

drug too weak to affect the ganglion-free part of the heart have a 

powerful stimulating action on the ganglion. Every strength of 

nicotin that affects the ganglion at all produces a primary stimula- 

tion, while the concentration of the drug that acts on the muscle 

depresses its contractility and excitability. No distinct stimulating 

action on the heart muscle was obtained from nicotin in any 

strength. 

3. The vertebrate heart. — All observers seem to agree that nicotin 

has a primary stimulating action on the vertebrate heart, although 

this direct action on the heart is in the intact animal ordinarily 

obscured by the intense stimulating action of the drug on the 

central nervous system and peripheral ganglia, which in turn affect 

the heart rhythm indirectly. But as nicotin primarily augments 

the rhythm of the frog’s heart, the embryonic heart (Pickering), 

and the isolated mammalian heart, it is obvious that this drug has a 

primary stimulating action on the automatic tissue of the vertebrate 

heart similar to that on the Limulus heart ganglion. In fact, the 

action of nicotin on the entire Limulus heart and on the vertebrate 

heart appears to be identical. We have the same primary augmen- 

tation, followed by irregularity, inco-ordination, depression, and final 

paralysis in case of the stronger concentrations or on long-continued 

action of the weak concentrations of the drug. In the Limulus 

heart this stimulation is due solely to the action of the drug on the 

eanglion, the heart muscle not being affected by the weaker concen- 

trations. The depressor action of stronger -concentrations of the 
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drug may in part be due to the influence of the drug on the heart 

muscle. That the mechanism of action of nicotin on the vertebrate 
heart is the same as in the Limulus heart is indicated not only by 

this analogy, but also by the reactions of other vertebrate tissues 

to nicotin. Nicotin has a primary stimulating action on the central 

nervous system and apparently on all peripheral ganglia, while it has 

a depressor action on skeletal and smooth muscle. Nicotin also 

depresses nerves and nerve endings, usually without any primary 

stimulation. In the absence of direct evidence positive statements 

cannot be made, but these facts, together with the results in the 

Limulus heart, make it probable that nicotin does not stimulate the 

vertebrate heart muscle, but that the primary stimulating action of 

this drug is due to its influence on the motor ganglia in the heart, 

just as I have shown to be the case in Limulus. 

Nicotin stimulates the molluscan and the crustacean heart very 

much the same as the Limulus and the vertebrate heart. This drug 

is therefore without exception a primary heart stimulant throughout 

the animal kingdom. There is no good reason for supposing that 

nicotin affects the heart muscle of molluscs and crustaceans differ- 
ently from that of Limulus. Local ganglia have been described 

in the heart of most of these invertebrates, and it is therefore highly 
probable that the stimulating phase of nicotin on these hearts is due 

to the action of the drug on these ganglia. 

VIII. THe Action or ATROPIN. 

I. The Limulus heart ganglion. Atropin sulphate in plasma or sea 

water has a primary stimulating action on the heart ganglion of 

Limulus. — This is uniformly true of every strength of the drug that 

affects the ganglion at all. Solutions of 1 to 4000 or 5000 augment 

the intensity of the nervous discharges only, leaving the rate of the 
ganglionic rhythm unchanged. Stronger solutions also augment the 
rate of the nervous discharges. In concentrations of 1 to 200 or 300 
the primary stimulation approaches incomplete tetanus for a brief 
period; this is followed by irregularity of the rhythm, depression, and 
final paralysis. But in weaker strengths the atropin may act on the 
ganglion for a long period before irregularity and depression set 
in. The stimulating action of this drug on the heart ganglion is 
counteracted by calcium chloride. 

2. The heart muscle of Limulus, <A¢ropin in weak concentrations has 
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no distinct effect on the Limulus heart muscle. In strong concentrations 

the drug diminishes the amplitude of the contractions without any 

primary stimulation. — When atropin in dilute solutions (I to 4000 

or 5000) is applied to the whole heart, the stimulating action on the 

ganglion is not marked by a simultaneous depressor action on the 

muscle, for at this dilution atropin does not seem to act on the muscle. 

In no concentrations of this drug did I obtain a primary stimulating 
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Figure 6.— About one-half the original size. Tracings from the fifth segment of the 

nicotin solution replaced by plasma. Showing primary stimulation and irregularity 

of rhythm by nicotin. &, x, application of digitalin 1-20,000 to the heart. Showing 
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action on the heart muscle. The depressor action of the stronger 

solution (1 to 100 or I to 200) on the ganglion-free part of the heart 

is in all probability due in part to depression of the motor nerves and 

nerve endings. 

3. The vertebrate heart. — The literature is not unanimous on the 

question of the primary action of atropin on the vertebrate heart. 

The depressor action of this drug on nerve endings to gland cells and 

smooth muscle (also skeletal muscle, frog) in the vertebrates is so 

much more striking than the primary stimulating action of the drug 

on peripheral ganglia that many observers deny the latter. There is 

no question but that atropin has a primary stimulating action on the 

central nervous system. A primary stimulating action of atropin on 

peripheral ganglia is indicated by the primary augmentation of in- 

testinal peristalsis following the administration of small quantities of 

the drug. Atropin will accelerate the rhythm of the heart in the 

intact mammal, but this apparent stimulation is usually interpreted 

as due to the paralysis of the vagi nerve endings in the heart. 

Hedbom! has shown, however, that atropin in certain concentrations 

has a primary stimulating action on the isolated mammalian heart. 

1 Hepsom: Skandinavisches Archiv fiir Physiologie, 1898, viii, p. 185. 
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In Hedbom’s experiments the augmentation of the rhythm could not 

have been due to vagus paralysis. There is also evidence in the 

literature that atropin has a slight primary stimulating action on the 

isolated frog’s heart. It would therefore seem that atropin has a 

direct stimulating action on the vertebrate heart, just as it has on the 

Limulus heart. What is the evidence that this stimulating action in 

the case of the vertebrate heart is due to the action of the heart 
ganglia rather than to the muscle? The evidence from my result in 

Limulus need not be restated, and this is strengthened by the fact 
that atropin has hardly any action on skeletal and smooth muscle 
in the vertebrates. Strong concentrations depress the excitability 

and contractility of the muscle, apparently without any primary 

stimulation, just as we have seen to be the case in the Limulus heart 

muscle. This fact coupled with the undoubted primary stimulating 

action of the drug on the central nervous system and on at least some 

peripheral ganglia renders it probable that the mechanism of the 

direct stimulating action of atropin on the vertebrate heart is through 

the motor heart ganglia and not through the heart muscle. In the 

paralyzing phase of the atropin action undoubtedly the motor ganglia, 

the motor nerve endings, and the heart-muscle play a part. 

Atropin, nicotin, and curare paralyze the vagi in the vertebrate 

heart. I have shown in a previous paper that these drugs have a 

similar depressor or paralyzing action on the inhibitory nerves to the 

Limulus heart, but in order to produce this paralysis of the inhibitory 

nerve these drugs must act on the heart ganglion.’ If allowed to 

come in contact with the heart muscle and motor nerves only, they 
have no effect on the inhibitory nerves. This shows that in the 

Limulus heart the point of paralysis of the inhibitory fibres by these 

drugs is somewhere in the ganglion. The inhibitory nerves are 

paralyzed by these drugs acting on the heart ganglion long before 

the ganglion itself is paralyzed, just as the vagi are paralyzed by the 

action of these alkaloids on the vertebrate heart long before the 
drugs exert this depressor action on the automatic tissue. 

IX. THe Action oF COCAINE. 

1. The Limulus heart ganglion. Solutions of cocaine /iydrochlorate 
in plasma or sea water have a primary stimulating action on the 
Limulus heart ganglion.—This salt of cocaine is only very slightly 

1 CaRtson: This journal, 1905, xiii, p- 217. 
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soluble in Limulus plasma or sea water, but the primary stimulating 

action of this drug on the heart ganglion is obtained with 5 to $5 of 

the saturated solution. In concentrations represented by the sat- 

urated solution the augmented rhythm soon becomes irregular 

and the stimulating phase is followed by depression and ultimate 

paralysis. 

.2. The heart muscle of Limulus. Concentrations of cocaine hydro- 

chlorate in plasma or sea water up to saturation have no distinct effect 

on the Limulus heart muscle cither in the direction of stimulation or 

depression. —No distinct evidence of primary stimulation of the 

muscle was ever obtained when a saturated solution of the drug in 

plasma was allowed to act on the ganglion-free part of the heart for 

a long period. A gradual diminution in the amplitude of the con- 

tractions of that part of the heart was usually observed, but this 

effect was so gradual that it could scarcely be distinguished from the 

ordinary gradual decline in the cardiac rhythm under the experi- 

mental conditions. 

When solutions of cocaine in plasma are applied to the whole heart, 

the rhythm is augmented in just the same manner as when the same 

solutions are applied to the isolated ganglion. [t is evident from the 

above results that this stimulation is due solely to action of the drug 

on the ganglion. 

3. The vertebrate heart. — Physiologists are not agreed as to the 

direct effect on the heart rhythm of cocaine. Primary augmentation 

of the rhythm has been described both in the frog and mammal.’ In 

the mammal this augmentation is probably in part due to depression 

of the vagus centres and to stimulation of the augmentor centres in 

the medulla. In the isolated mammalian heart Hedbom®? usually 

obtained depression of the rhythm by cocaine, not preceded by 

stimulation, while in a few cases indications of a primary stimulation 

were recorded. 

There is, therefore, some indication that cocaine has a primary 

stimulating action on the vertebrate heart similar to that on the 

Limulus heart ganglion. This is further indicated by the primary 

stimulating action of this drug on the central nervous system and 

peripheral ganglia (Auerbach’s plexus). Cocaine has a depressor 

effect on skeletal muscle similar to that on sensory nerves and nerve 

1 Mosso: Archiv fiir experimentelle Pathologie und Pharmakologie, 1887, xxiii, 

p- 153; ANREP: Archiv fiir die gesammte Physiologie, 1880, xxi, p- 28. 

2 Hepgom: Skandinavisches Archiv ftir Physiologie. 1899, ix, p- 61. 



Point of Action of Drugs on the Heart. 195 

endings. According to some investigators, however, the depression 
is preceded by a stimulating phase. It is obvious that more work 
is required on the nature of the action of cocaine on the heart and on 
curarized muscle in the vertebrates before valid comparisons can be 
made with the mechanism of cocaine action on the heart of Limulus. 

X. THE Action OF PILOCARPIN. 

1. The Limulus heart ganglion. So/utions of pilocarpin hydrochlorate 
in plasma or sea water have a primary stimulating action on the Limu- 
lus heart ganglion. — In weak strengths (1 to 10,000) the stimulation 
appears only in the augmented intensity of the nervous discharges, the 
rate of the ganglionic rhythm remaining the same, but in the stronger 
solutions (1 to 500, I to 1000) the rate may be augmented to a point 
approaching incomplete tetanus, This degree of stimulation of the 
ganglion is always accompanied by increased tonus of the muscle, 
The stronger solutions of the drug usually produce some irregularity 
of the ganglionic rhythm, and this is followed by depression of the 
rhythm particularly in the intensity of the nervous discharges. 

The stimulating action of pilocarpin on the heart ganglion is coun- 
teracted by calcium chloride. 

2, The Limulus heart muscle. — Solutions of pilocarpin in sea water 
or plasma appear to have no distinct effect on the ganglion-free part of 
the Limulus heart. — This is true for concentrations up to } per cent. 
Greater concentrations were not tried. The strength of the drug 
that causes great primary stimulation when applied to the heart gan- 
glion produces no effect, either in the line of stimulation or depression, 
when applied to the ganglion-free part of the heart. When these 
solutions are applied to the whole heart, the same effect is obtained as 
by bathing the ganglion in the solution. And since pilocarpin has 
practically no action of the heart muscle, it is evident that the effects 
produced by the drug action both on the heart muscle and on the 
heart ganglion at the same time are due solely to the action of the 
drug on the ganglion. 

3. The vertebrate heart. — The most striking action of pilocarpin in 
the vertebrates is the stimulation of the endings of secretory nerves 
in glands and of the nerve endings in smooth muscle. Pilocarpin 
also stimulates peripheral ganglia (Auerbach’s plexus) as well as the 
central nervous system. Nothing appears to be definitely established 
touching the primary action of this drug on skeletal muscle and 
smooth muscle. 



196 A. F. Carlson. 

The literature is conflicting touching the primary action of pilo- 

carpin on the heart. According to Pickering,’ pilocarpin has a pri- 

mary stimulating action on the embryonic heart (chick). In the case 

of the isolated mammalian heart Hedbom2 sometimes observed a 

primary stimulation of the rhythm following the administration of 

pilocarpin. This stimulating phase is followed by depression, which 

may in turn give way to a second phase of stimulation. In some 

preparations no perceptible augmentation preceded the depressor 

stage. The usual account of the primary action of pilocarpin on the 

intact heart of frog and mammal is that the drug causes a pri- 

mary depression of rhythm. This depression is usually ascribed to 

the stimulation of inhibitory ganglia and nerve endings in the heart, 

as it is counteracted by atropin. These conflicting results are prob- 

ably to be accounted for by the simultaneous stimulation of both 

inhibitory and motor nervous mechanism in the vertebrate heart, the 

inhibitory being usually the more powerful in the beginning and 

obscuring the effect of the simultaneous stimulation of the motor 

ganglia or plexus. This would be analogous to the simultaneous 

stimulation of the inhibitory and augmentor fibres in the vagi, in 

which case the inhibitory effects entirely obscure the action of the 

augmentor nerves in the beginning. In the hearts where pilocarpin 

causes augmentation prior to the depression the motor nervous 

mechanism is probably for some reason the more excitable and 

powerful. The uniform stimulating action of the alkaloid on the em- 

bryonic heart may be due to a later development of the inhibitory 

nervous mechanism as compared to the motor The Limulus heart 

ganglion contains inhibitory nerves and nerve endings, but it may not 

contain any inhibitory ganglion cells. At any rate, the stimulation of 

the motor cells by the drug completely obscures possible simultane- 

ous stimulation of the inhibitory nervous mechanism. 

XI. THe AcTION OF PHYSOSTIGMIN. 

1. The heart ganglion of Limulus. Solutions of physostigmin im 

plasma or sea water have a primary stimulating action on the Limulus 

heart ganglion. — This alkaloid is not a very strong stimulant to the 

ganglion, however. In dilutions of 1 to 5000 it has no appreciable 

effect. In concentrations of 1 to 2000 and stronger the alkaloid in- 

1 PICKERING : Journal of physiology, 1593; xiv, p- 461. 

2 Hepsom: Skandinavisches Archiv fur Physiologie, 1899, 1%; P- 56. 

8 CARLSON: This journal, 1905, xiv, p- 52: 
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variably stimulates the ganglion without any indication of a primary 

depression. Irregularity and depression of the ganglionic rhythm 

follow the stimulating phase when strong solutions are employed. 

The weaker solutions augment only the intensity of the nervous dis- 

charges from the ganglion, the rate remaining unchanged. 

2. The heart muscle of Limulus. So/utions of physostigmin in 

plasma or sea water in concentrations up to 1 to 500 have no appreciable 

effect on the ganglion-free part of the heart, either in the direction of 

depression or stimulation. — Stronger solutions were not tried, mainly 

because of lack of time and animals. Whatever be the effect of this 

alkaloid on the muscle in strong doses, it is obvious that the heart 

ganglion is more sensitive to the drug, and that the reaction of the 

whole heart to the moderately strong (up to 1 to 500) solutions of 

the drug is due to the action of the drug on the ganglion. 

3. The vertebrate heart.—In the last edition (1906) of his text- 

book Cushney states that ‘the action of physostigmin on the verte- 

brate heart requires further investigation,’ a statement that any one 

who has had occasion to consult the literature on the subject will 

readily assent to. It is well established that physostigmin has a pri- 

mary stimulating action on the central nervous system, peripheral 

ganglia (Auerbach’s plexus),' and nerve endings in skeletal muscle, 

smooth muscle, and glands. There is some evidence that this drug 

has a primary stimulating action on muscle, although the evidence is 

not conclusive. 

Application of physostigmin to the frog’s heart causes slowing and 

strengthening of the beats, according to most observers. This is fol- 

lowed by paralysis. The strengthening of the beats is usually inter- 

preted as due to a direct stimulating action of the drug on the 

automatic heart tissue. Primary augmentation as well as primary 

depression of the heart rhythm has been observed to follow the 

administration of physostigmin in the intact mammal, and the same 

results were obtained by Hedbom on the isolated mammalian heart. 

In most of Hedbom’s experiments the effects of the drug were a pri- 

mary slowing and an increase in the strength of the beats. 

It does not seem probable that a drug having a primary stimu- 
lating action on perhaps all the tissues should have a primary de- 

pressant action on the heart of vertebrates. The primary slowing of 

the heart caused by the administration of this drug is therefore in all 

probability due to the stimulation of an inhibitory nervous mechanism 

1 MaAGnus: Archiv fiir die gesammte Physiologie, 1905, cviii, p. 28. 
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in the heart. It seems also reasonable to suppose that the local 

motor nervous mechanism is at the same time stimulated, but that 

the effects of this stimulation are usually marked by the more power- 

ful influence of inhibitory mechanism. In some conditions of the 

heart the former may be more powerful than the latter, and we have 

in consequence a primary augmentation of the rhythm, as recorded 

in some of Hedbom’s experiments. This interpretation brings the 

action of physostigmim on the vertebrate heart in complete accord 

with its action on the Limulus heart, the only difference being that 

-in the Limulus heart the motor nervous mechanism is invariably 

more powerful than the inhibitory. 

Physostigmin acts more powerfully on the Limulus heart ganglion 

than on the heart muscle, and in the vertebrates the drug certainly 

acts more powerfully on the nervous tissues than on muscle, even 

granted that in therapeutic doses it acts on the muscle at all. These 

facts make it probable that the primary action of physostigmin on 

the vertebrate heart is also due solely to its action on the local nerve 

centres. 

XII. THE AcTION oF ACONITIN. 

1. The heart ganglion of Limulus. Aconitin alkaloid in plasma or 

sea water has an intense stimulating action on the Limulus heart 

ganglion. — This primary stimulation appears even with dilutions 

of 1 to 1,000,000. At this dilution the stimulating action appears 

mainly in the augmented intensity of the nervous discharges, the 

rate remaining the same or being only slightly accelerated. In 

strengths of 1 to 500,000 the ganglion is thrown into incomplete 

tetanus, and the tonus of the muscle is increased. The augmented 

ganglionic rhythm soon becomes irregular and depression and 

ultimate paralysis follow within a few minutes. The paralyzed gan- 

glion may be revived by replacing it in sea water or plasma, pro- 

vided it is removed from the solution containing the drug as soon as 

complete paralysis sets in. 

The stimulating action of the weaker solutions of aconitin on the 

ganglion is counteracted by calcium chloride. 

2. The heart muscle of Limulus. So/utions of aconitin in plasma or 

sea water in concentrations up to 1 in 100,000 have no appreciable effect 

on the Limulus heart muscle. — Stronger solutions (1 to 50,000 ) 

appear to gradually depress the strength of the contractions of the 

ganglion-free part of the heart. No indications of a primary stimu- 
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lation of the heart muscle or the motor nerve and nerve endings 

were ever obtained. But my experiments with the effects of the 

Strong solutions on the ganglion-free part of the heart were not 

extensive, because after I had found that the concentrations of the 

drug that were sufficient to stimulate the ganglion to the point of 

paralysis within a few minutes had no effect on the heart muscle, it 

was obvious that the heart action of the alkaloid in ‘ therapeutic ” 

doses is solely due to its action on the ganglion. 

3. The vertebrate heart.—In the vertebrates aconitin acts pri- 

marily on the nervous system. Its primary action is stimulation 

followed by depression and paralysis, and this is true both for the 

central nervous system, peripheral ganglia (Auerbach’s plexus), sen- 

sory, secretory, or motor nerve endings. As far as I can learn from 

the literature, this alkaloid has little or no action on skeletal or 

smooth muscle, at least in the concentrations that act strongly on 

the above nervous structure. 

The literature is unanimous that aconitin has a primary stimu- 

lating action on the vertebrate heart, frog as well as mammal; the 

stimulating phase is followed by irregularity, depression, and final 

paralysis of the heart. In other words, the action of aconitin on 

the vertebrate heart is identical with the action of aconitin on the 

Limulus heart ganglion. And since this alkaloid has practically no 

action on the Limulus heart muscle in dilute solution, nor on skeletal 

or smooth muscle in vertebrates, but acts primarily as a stimulant on 

nerve centres and nerve endings, in the vertebrates, it seems reason- 

able to conclude that the stimulating action of the drug on the verte- 

brate heart is similarly due to its action on the motor ganglia in the 

heart and not to any stimulating action directly on the heart muscle. 

XIII. THe ActTIOoN OF VERATRIN. 

1. The Limulus heart ganglion. So/utions of veratiin in plasma or 

sea water have a primary stimulating action on the Limulus heart 

ganglion. — Veratrin proved to have even a more intense action on the 

heart ganglion than aconitin, as its stimulating action is very intense, 

even at dilutions of 1 to 10,000,000. At strengths of 1 to 500,000 or 

I to 100,000 the stimulation approaches incomplete tetanus, the 

rhythm at the same time becoming irregular. In these strong solu- 

tions depression and paralysis of the ganglion supervenes within two 

or three minutes. If, following complete paralysis, the ganglion is 
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quickly transferred to plasma or sea water, the automaticity may be 

restored. In two preparations that were in poor condition veratrin 

solution of the strength of 1 to 500,000 paralyzed the ganglia instan- 

taneously without any indication of a primary stimulation. 

The stimulating action of veratrin on the heart ganglion is counter- 

acted by calcium chloride. 

>. The heart muscle of Limulus. So/wtions of veratrin of the 

strength of 1 to 5 or 10 million appear to have no effect on the ganglion- 

free part of the heart.— Concentrations between I to 1,000,000 and I 

to 100,000 diminish the contractions without any indication of a 

primary stimulation, while the still stronger solutions cause tonus 

contractions of the heart muscle. The depression of the contractions 

without primary stimulation by the medium-strength solutions is 

probably due to depression of the motor nerves or nerve endings, 

while the very strong solutions cause tonus contractions by direct 

action on the heart muscle. Further work will be done to decide 

this point. The moderately strong solutions of the alkaloid applied 

to the ganglion also cause increased tonus of the heart muscle 

accompanied by augmented ganglionic rhythm, but this tonus sub- 

sides as depression and paralysis of the ganglion supervene. Follow~ 

ing Kolliker, veratrin is usually designated as a “ muscle poison.” In 

the Limulus heart it certainly acts more strongly on the ganglion 

than on the muscle. 

3. The vertebrate heart. — Veratrin stimulates the central nervous 

system and peripheral ganglia (Auerbach’s plexus), but motor nerves 

and nerve endings are paralyzed without any primary stimulation. 

The alkaloid also stimulates sensory nerve endings and_ primarily 

increases the excitability and contractility of skeletal muscle. The 

action of veratrin on the vertebrate heart is more difficult to interpret. 

In the case of the isolated mammalian heart Hedbom obtained some- 

times a primary augmentation of the rhythm followed by slowing and 

irregularity of the beats; at other times the primary action was a 

slowing of the rhythm followed by augmentation, irregularity, depres- 

sion, and final paralysis. This is also the usual action on the frog 

heart. The explanation of these phenomena is in all probability the. 

same as that suggested in the case of physostigmin. Veratrin stim- 

ulates both motor and inhibitory nervous mechanism in the heart, 

the acceleration of the rate being due to the stimulation of the 

former, the slowing of the rate to the stimulation of the latter. On 

simultaneous stimulation the inhibitory effects usually overshadow 
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the motor in the beginning, but the reverse may also take place. 

The increase in the strength of the beats may be due either to the 

action on the heart muscle directly or to action on motor ganglia. 

The only difference between the action of veratrin on the vertebrate 
heart and the Limulus heart appears to be this, that in the latter the 

local inhibitory mechanism is less developed, in consequence of which 

only the augmentive action becomes apparent. Veratrin does not 

lengthen the contraction time of the Limulus heart muscle to any 

appreciable extent in the manner exhibited by the frog’s ventricle. 

When the concentration of the alkaloid is strong enough to act on 

the heart muscle, it produces tonus contraction, on which the funda- 

mental beat may be superimposed for a minute or so, but this 

strength of the drug suppresses the normal contraction so rapidly, 

evidently by paralyzing the motor nerves, that comparison cannot 

here be made with the frog or the mammalian heart. It is true, how- 

ever, that the Limulus heart muscle contracts and relaxes much 

slower than normally, when in condition of veratrin tonus. 

XIV. THe Acrion oF SAPONIN. 

1. The Limulus heart ganglion. So/utions of saponin in plasma or 

sea water have a primary depressant action on the Limulus heart 

ganglion. —In weak concentrations (I to 200,000, I to 500,000) the 

primary depression of the ganglion appears only in the diminished 

intensity of the nervous discharges, the rate remaining the same. 

On continued action of saponin solutions the ganglionic rhythm soon 

becomes irregular, and in some stages of this phase the rate of the 

nervous discharges may be slightly greater than the normal. The 

intensity of the nervous discharges continues weaker than the normal 

until paralysis sets in. In no case did I obtain a distinct primary 

augmentation of the ganglionic rhythm with any strength of saponin. 
We may therefore conclude that saponin depresses the heart ganglion 

without primary stimulation. The depression of the intensity of the 

nervous discharges is in most cases uniform, but the rate of the nervous 

discharges from the ganglion may be momentarily augmented. 

2. The Limulus heart muscle. So/utions of saponin in plasma or 

sea water depress the heart muscle without any primary stimulation. — 

The action of this alkaloid on the ganglion-free part of the heart 

is therefore the same as on the heart ganglion, the only difference 

being that the ganglion is much more sensitve to the action of 
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saponin than is the heart muscle. Concentrations of 1 to 200,000 or 

1 to 500,000 appear to have no effect on the heart muscle. But 

decided depressor action is obtained with j;, 3, or 3 per cent 

strength. 

3. The vertebrate heart.—Saponin appears to depress and par- 

alyze all tissues in the vertebrates without any primary stimula- 
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Ficure 7.— About two-thirds the original size. Tracings from the anterior end of the 

Limulus heart. 4 (ganglion isolated posteriorly), x, application of saponin 1-200,000 

to the isolated ganglion. Showing primary depression. &, x, application of saponin 

1-50,000 to the ganglion-free anterior end. Showing primary depression. 

tion. This is also true of the heart, although the heart is more 

resistant to the action of saponin than the central nervous system and 

most peripheral nervous tissues. Saponin thus acts exactly the same 

on the Limulus and vertebrate heart, and since the drug has the 

same action on nervous tissues and muscular tissues the question of 

point of action in the heart is of little moment. 

Saponin increases the permeability of red blood corpuscles and of 

pus corpuscles to ions.! It is probable that saponin has the same 

action on the cells of other tissues. The depressor action may there- 

fore be casually related to the disturbance of the normal osmotic 

relations between the cells and the lymph. This question is being 

investigated. 

XV. Tue ACTION OF QUININE. 

1. The Limulus heart ganglion. —= Quinine sulphate is but ‘slightly 

soluble in the Limulus plasma or sea water, the actual strength of 

the various solutions worked can therefore not be given. In the 

weaker concentrations I sometimes obtained a slight augmentation 

of the intensity of the nervous discharges prior to the depression, but 

with stronger solutions such primary stimulation was never observed. 

The action of this alkaloid on the heart ganglion is therefore depressant, 

with a possible slight initial stimulation, but the latter is so slight and 

1 STEWART: The journal of experimental medicine, 1902, Vi, Pp. 257- 
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of so short duration that it is not always detected. The’ depressor 

action appears mainly in the intensity of the nervous discharges, the 

rate of the ganglion rhythm remaining the same or being but little 

altered. This is variably true for the weaker solutions. In the later 

stages of the action of the weaker solution the rate of the ganglionic 

rhythm is also diminished. The stronger solutions (one-half satu- 

rated) may depress the rate almost from the very beginning. The 

slight indication of primary stimulatian never appeared in accelerated 

rhythm, nor was any acceleration of the rate of the nervous dis- 

charges obtained during any stage preceding complete paralysis of 

the ganglion. 

2. The heart muscle of Limulus. Ze action of guinine on the heart 

muscle is the sameas on the heart ganglion, with the difference that 

the latter ts much more sensitive to the drug than the former.—The 

weaker solutions that still have a decided depressant action on the 

ganglion have no influence on the ganglion-free part of the heart, or 

the action is so gradual that it cannot be distinguished from the very 

gradual decline of the heart rhythm under the experimental con- 

ditions. Stronger solutions (one-half saturated) depress the heart 

muscle gradually. In some preparations a slight indication of a 

primary stimulation was obtained, lasting for a few beats. 
3. The vertebrate heart.—So far as I can make out from the 

literature, the action of quinine on the vertebrate heart is identical 

with that on the Limulus heart, that is, depressor with a possible 

slight initial stimulation. The acceleration of the heart following 

administration of quinine in the intact mammal is in all probability 

due to depression of the vagus centre in the medulla. Both in 

the isolated frog’s heart! and the isolated mammalian heart? the para- 

mount action is depression of the rhythm. The slight indication of 

primary stimulation sometimes observed in the Limulus heart is 

either absent in the vertebrate heart or else of so brief duration as to 

escape detection. Quinine tends to produce somewhat greater 

irregularity of the heart rhythm in the vertebrates than in the 

Limulus. 

Hedbom interprets the depressor action of quinine on the isolated 

mammalian heart as due to the stimulation of the inhibitory nervous 

mechanism in the heart. That interpretation appears to me in all 

probability incorrect. The depressor action is persistent till paraly- 

1 SANTEsSSON: Archiv fiir experimentelle Pathologie und Pharmakologie, xxxiii, 
p- 321. 

* HepBoM: Skandinavisches Archiv fiir Physiologie, 1899, ix, p. 33. 
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sis supervenes, except for occasional periods of more rapid rhythm 

during the irregular phase, while we know that the primary stimulat- 

ing action is of very brief duration. The depression of the rhythm 

is probably due to depression both of the motor nervous mechanism 

and the heart muscle, in the case of the dilute solutions perhaps 

mainly due to the former, as we have seen is the fact in the Limulus 

heart. The point of action of quinine on the heart has little bearing 

on the question of the nature of the heart rhythm, since this drug 

acts in the same way both on the nervous tissue and the muscular 

tissue in the heart. 
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Ficure §.— About one-third the original size. Simultaneous tracings from the anterior 

(upper record) and posterior (lower record) end of the Limulus heart. The ganglion 

extirpated in the first two segments and the heart muscle transsected, leaving the 

two ends of the heart connected only by the lateral nerves. Upper record, x, appli- 

cation of adrenalin chloride 1-200,000 to the ganglion-free anterior end. Lower 

record, x, application of same strength of adrenalin to posterior end of heart. Show- 

ing primary stimulation both of the ganglion and the ganglion-free part of the heart. 

NW 

XVI. THE AcTION OF DIGITALIN. 

1. The heart ganglion of Limulus. So/utions of digitalin in plasma 

or sea water have a primary stimulating action on the Limulus heart 

ganglion. — Primary depression of the ganglionic rhythm was never 

obtained. In dilutions of 1 to 10,000 or 15,000 the stimulation of the 

ganglion appears only in the increased intensity of the nervous dis- 

charges, the rate remaining the same. In greater concentrations 

both the rate and the intensity of the nervous discharges from the 

ganglion are augmented. In strengths of 1 to 500 or I to 1000 

the stimulation of the ganglion may approach incomplete tetanus, 

the tonus of the heart muscle is increased, and the rhythm soon be- 

comes irregular followed by depression and final paralysis. The 

irregularity in the rhythm appears both in the rate and the intensity 

of the nervous discharges, mainly in the latter. Thus, by the action 

of the stronger solutions of digitalin on the heart ganglion of Limu- 

lus, tracings may be obtained which closely resemble the records 
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from the isolated mammalian heart in the irregular phase of the 

digitalin action. 
The stimulating action of digitalin on the Limulus heart ganglion 

is counteracted by calcium chloride. Concentrations of digitalin of 

I to 1,000 paralyze the ganglion within seven to ten minutes. 

2. The heart muscle of Limulus. So/utions of digitalin stronger 

than 1 to 1000 cause tonus contiactions in the Limulus heart muscle, 

and the increased tonus ts usually accompanied by stronger beats for a 

short period, but this stimulating phase is quickly followed by a dimi- 

nution and complete cessation of the beats while the increased tonus 

of the muscle persists. In some cases the tonus of the muscle 

produced by strong solutions of digitalin was not accompanied by 

stronger contractions of the ganglion-free part of the heart, the 

strength of the contractions being diminished from the beginning. 
The tonus contraction of the muscle produced by strong digitalin 

is counteracted by calcium chloride. 

The weaker strengths of digitalin (1 in 2000 down to 1 in 15,000) 

depress the contractions of the ganglion-free part of the heart with- 

out any, or, at the most, with only the slightest indication of primary 

stimulation. The slight indication of primary stimulation was ob- 

tained in only two preparations with solutions of the strength of 1 in 

10,000. These weaker solutions cause no tonus contraction of the 

muscle. The weakest strength of the drug that will affect the gan- 

glion has practically no effect on the ganglion-free part of the heart. 

Stronger concentrations than 1 in 15,000 are required to produce the 
typical depression just described, although there are great individual 

variations in the degree of susceptibility to the action of the drug, the 

degree of depression obtained by solutions of 1 in 10,000 is obtained 
only by a strength of 1 in 5,000 in another heart. 

I have some data which indicate that the primary depressant action 

of digitalin in medium strength on the ganglion-free part of the heart 

is due to depression (possibly preceded by a transient stimulation) of 

the motor nerves and nerve endings, and the stronger solutions that 

cause tonus contraction accompanied by a temporary increase in ex- 

citability and contractility do so by acting directly on the heart 
muscle. It is therefore probable that digitalin has a primary stimu- 

lating action both on the heart muscle and the heart ganglion, the 

latter being, however, much more susceptible to the drug than the 

former. 
3. The vertebrate heart. — The main point of interest in the action 
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of digitalin in the higher animals has been its action on the heart, 

and the literature on that subject is considerable. The drug has a 

primary stimulating action on the central nervous system and pos- 

sibly on peripheral ganglia. In strong concentrations it paralyzes 

nerves and skeletal muscle, the latter after a primary stimulation, 

The action of the drug on the isolated heart appears to be slightly 

different in the frog andin the mammal. The primary action in the 

frog’s heart is an increase in the strength of the beat accompanied by 

a slowing of the rhythm. This phase is followed by irregularity, lack 

of co-ordination, periodic acceleration of the rate and ultimate paraly- 

sis, the ventricle stopping in extreme systole. Instead of the primary 

slowing of the rate, the drug may produce a primary acceleration. In 

the isolated mammalian heart digitalin causes an initial augmentation 

of the strength of the beat, usually without marked change in the 

rate.! The initial change in the rate, when present, may be either 

slowing, as in the frog, or actual acceleration followed by slowing. 

The fundamental and typical action of digitalin on the vertebrate 

heart is therefore the primary increase in the strength of the beats, 

and this may be accompanied by a slowing or an acceleration of the 

rhythm or attended by no change in the rate. 

It is, therefore, evident that ¢hzs promary action of digitalin on the 

vertebrate heart is almost duplicated by its action on the Limulus heart 

ganglion. The only difference is this, that the initial increased in- 

tensity of the nervous discharges from the Limulus heart ganglion 

is never accompanied by a slowing of the rate. The strengthened 

nervous discharges may be accompanied by an accelerated rhythm, 

in case the concentration of the drug is sufficiently strong, but in 

no case did I observe a preliminary slowing. This preliminary slow- 

ing is not a necessary result of the action of digitalin on the 

isolated vertebrate heart, for while it is usual in the frog’s heart, it 

is not usual in the isolated mammalian heart. The further phenom- 

ena of irregularity in the rhythm and grouping of the beats are the 

same as the irregularities following the strong doses on the Limulus 

ganglion. In view of the results on the Limulus heart I would 

interpret the mechanism of the action of digitalin on the isolated 

vertebrate heart as follows: the primary strengthening of the beats 

and quickened rhythm are due to stimulation of the motor nervous 

1 Gorriien and Macnus: Archiv fiir experimentelle Pathologie und Phar- 

makologie, 1905, li, p- 30. 

2 Heppom; Skandinavisches Archiv fiir Physiologie, ‘1898, viii, p. 185. 
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elements. The local inhibitory nervous apparatus is stimulated at 
the same time, and in some cases this results in a slowing of the 
rate. The irregularity of the rhythm results from the stimulation 

of parts of the motor nervous mechanism not normally automatic, 

that is, the parts that normally respond to impulses from the sinus 
or from the auricles. 

The increased tonus of the muscle in the frog’s heart appears to be 

identical with the tonus contraction produced in the Limulus heart 
muscle by strong doses of digitalin. These phenomena are in all 
probability due to a direct action of the drug on the heart muscle 
rather than on the motor nervous tissue. The paralysis of the heart 
by strong doses of digitalin is probably due to the paralysis of the 
motor ganglia in the heart. This is certainly the case in the heart 
of Limulus. 

XVII. Tuer Action oF ADRENALIN, 

1. The heart ganglion of Limulus. ddrvenalin is a very powerful 
stimulant to the Limulus heart ganglion. — This stimulating action is 
evident with dilutions of 1 to 500,000. The greater the concentra- 
tion of the drug, the greater the intensity of its stimulating action on 
the ganglion; but adrenalin differs from drugs like aconitin, digitalin, 
nicotin, or veratrin in that the rhythm does not become irregular. 
In very strong solutions, however, the depression following the 
stimulating phase may be accompanied by some irregularity. The 
stimulating action of adrenalin on the ganglion appears both in the 
rate and in the intensity of the nervous discharges. It is counteracted 
by calcium chloride. 

2. The heart muscle of Limulus. So/utions of adrenalin chloride 
in plasma or sea water have a primary stimulating action on the gan- 
Slion-free part of the Limulus heart just as they have on the ganglion, — 
Where such solutions are applied to the ganglion-free anterior end of 
the heart the amplitude of the beats is gradually strengthened and 
this stimulating action may last for hours. The only difference 
between the heart ganglion and the ganglion-free part of the heart 
in this reaction to adrenalin is the greater sensitiveness of the 
ganglion. Solutions too weak to affect appreciably the ganglion-free 
part still act on the ganglion, and any given strength of the drug 
acts more quickly on the heart ganglion than on the ganglion-free 
part of the heart. 

It is, of course, impossible to say whether the stimulating action 
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of adrenalin on the ganglion-free part of the heart is due to its action 

on the nerves or on the muscle or on both. 

3. The vertebrate heart.— On the vertebrate heart adrenalin acts 

in a manner similar to digitalin, that is, as a primary stimulant. 

This stimulating action appears in increased strength of the beats 

rather than in any augmentation of the rate, in the intact mammal; 

in fact, the rate is diminished by stimulation of the vagus centre in, 

the medulla. 

Adrenalin has a primary stimulating action on the central nervous 

system, and, according to the best supported view, on nerve endings 
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Ficure 9.— About one-third the original size. Simultaneous record from the two ends 

of the Limulus heart prepared as in Figure 8. Upper record, ganglion-free anterior 

end. Lower record. Posterior end of heart containing the ganglion. x, nicotin alka- 

loid 1-40,000 applied to anterior end. «’, nicotin 1-10,000 applied to anterior end. 

x”, nicotin solution replaced by plasma. Showing primary depression of the ganglion- 

free part of the heart by concentrations of nicotin that strongly stimulate the ganglion. 
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of the sympathetic system.’ It is not supposed to act directly on 

the muscle cells, though that is a disputed point. The supporters 

of the myogenic theory ascribe the stimulating action of adrenalin on 

the heart to a direct action on the muscle, though the evidence seems 

to show that this drug acts on the nervous rather than on the muscular 

tissues. The action of adrenalin on the Limulus heart is identical 

with that on the mammalian heart. The results on Limulus, how- 

ever, furnish no clue to the interpretation of the point of action of 

the drug in the vertebrate heart, since the heart ganglion and the 

ganglion-free part of the heart react to adrenalin in the same 

manner. 

XVIII. THe Action oF ERGOT. 

1. The heart ganglion of Limulus. Lxtract of ergot in plasma or 

sea water has a primary depressant action on the heart ganglion of 

Limulus. —The depression is confined almost entirely to the intensity 

of the nervous discharges, the rate of ganglionic rhythm remaining 

the same. The degree of depression is proportional to the strength 

of the drug, the weakest solution having any appreciable action on 

1 See ELitiotr: Journal of physiology, 1905, Xxxii, p. 401. 
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the ganglion being 1 in 10,000. There is usually a gradual recovery 
of the ganglion in case of the weaker solutions, even when the drug 

is allowed to act on the ganglion continuously. The degree of 

recovery may reach the normal rhythm, that is, in the strength of the 

nervous discharges, but in no case did the ganglionic rhythm become 

stronger than the normal after the primary depression. 

2. The Limulus heart muscle. Lxtract of ergot in plasma or sea 

water up to the strength of 1 in 1000 has no action on the ganglion-free 

part of the Limulus heart. — Stronger solutions were not tried. It is 

therefore evident that the heart ganglion is more sensitive to the 
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Ficure 10.— Simultaneous tracings from the anterior (upper record) and the posterior 

(lower record) ends of the Limulus heart prepared as in Figure 8. x, digitalin 1-2000 
applied to the ganglion-free anterior end of the heart. x’, the digitalin solution 

replaced by plasma. Showing primary depression of the ganglion-free part of the 

heart by this concentration of digitalin. 

drug than is the heart muscle or the motor nerves. The ergot 

solutions have the same action on the intact Limulus heart as on 
the isolated heart ganglion. This action is consequently due to the 

influence of the drug on the ganglion. 
3. The vertebrate heart.— The commercial extracts of ergot con- 

tain several toxic substances, some of which have a primary stimu- 

lating action both on parts of the central nervous system and on 

peripheral ganglia, and possibly on nerve endings, while others are 

said to act on muscular tissue in a manner similar to veratrin, 

Sollmann and Brown! have recently made exhaustive studies of the 
action of ergot on the intact as well as on the isolated mammalian 

heart, and I will confine myself to a comparison of their results with 

those on the Limulus heart. Direct application, that is, intravenously, 

of solutions of ergot produce quickly a primary weakening of the 

heart beats without any changes in the rate. The heart recovers 

from this depressor action almost as quickly, and the degree of 

recovery usually exceeds the normal strength of the beats; that is, 

there is some indication of a secondary stimulation following the 

depression. As these effects are obtained both in the intact and 

1 SOLLMANN and Brown: Journal of American medical association, 1905, 

xlv, p. 229. 
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in the isolated mammalian heart, Sollmann and Brown interpret them 

as due to a direct action of the ergot on the heart muscle. 

The direct action of ergot is therefore practically identical in the 

mammalian heart and the Limulus heart. The mechanism by which 

these changes in the heart rhythm are produced may or may not be 

the same in the hearts from these two widely separated groups of 

animals, but in the case of Limulus we have seen that they are due 

solely to the action of the drug on the heart ganglion. 

The mechanisms of action of the foregoing drugs on the Limulus 

heart need not be restated. Moreover, these results on the Limulus 

heart do not warrant any general deductions as to the mechanisms of 

action of the same drugs on the vertebrate heart, apart from the 

interpretations already suggested in the case of each individual drug. 

As was pointed out in the beginning of the paper, this is partly due 

to the fact that the literature is not a unit as regards the primary 

action of many drugs on the vertebrate heart, as well as to the fact 

that we have scanty data on the pharmacology of the heart under 

conditions eliminating, as far as possible, the factor of conduction and 

co-ordination in the heart. Such data only can be directly compared 

with the above results in Limulus. 

This fact is, nevertheless, apparent that she primary heart action of 

most of these drugs is the same in Limulus and in the vertebrates, and 

that in case of the drugs showing discrepancies, the literature on the 

vertebrate heart is conflicting. Ne have seen that the primary action 

of these drugs on the Limulus heart is due to their action on the 

local motor ganglion. But this is suggestive for further work rather 

than a warrant for further generalizations ; as the neurogenic theory 

of the heart beat may be true for the vertebrates, and yet the 

mechanisms of primary action of drugs in the Limulus and the verte- 

brate hearts be very dissimilar, because in the vertebrates the motor 

heart ganglia, the heart nerves, and the Leart muscle may not exhibit 

the relative excitabilities that we found in the Limulus heart. And 

further investigation will probably demonstrate a local inhibitory 

nervous mechanism in the vertebrate heart, a mechanism that appears 

to be absent in the heart of Limulus. It seems to me, however, that 

the interpretations of the mechanisms of action of drugs in the verte- 

brate heart suggested by the pharmacology of the Limulus heart 

bring, on the whole, the heart action of these drugs in line with their 

known action on nervous and muscular tissues respectively. 



THE EFFECT OF CASTRATION ON THE METABOLISM 

IN OSTEOMALACIA} 

By FRANCIS H. McCRUDDEN. 

[From the Laboratory of Biological Chemistry of the Harvard Medical School.) 

INTRODUCTION, 

ASTRATION was first recommended as a curative measure 

in osteomalacia by Fehling,? who obtained apparently permanent 

cures in several cases of puerperal osteomalacia. The operation has 

since been performed a number of times with good results upon 

patients suffering from this disease. In the present paper an account 

is given of the results of a metabolism experiment performed on a 
young woman who had suffered from osteomalacia and had been 

castrated a year and a half previously in an attempt to cure the 

disease. A similar metabolism experiment had been performed on 

the patient just before the operation and another a few months after.’ 

The operation caused a marked change in the metabolism, and there 

was apparently a marked improvement in the condition of the 

patient, leading to union of a fracture of the femur. The patient was 

then lost sight of for over a year. At the end of that time the 
disease seemed to be in an acute condition again, and two fractures 

occurred, one just before and one during the third metabolism 

experiment. It is believed that the results throw some light on the 

mechanism of the pathological processes which take place. 

1 This is a continuation of the study of osteomalacia started under the direction 

of Drs. GOLDTHWAIT, PAINTER, and OsGoop of Boston over two years ago. The 

expenses were contributed in part by the Procter Fund for the Study of Chronic 
Diseases. 

2H. Feniine: Archiv fiir Gynakologie, 1891, xxxix, p. 171; H. FEHLING: 
Zeitschrift fiir Gebiirtshilfe und Gyniakologie, 1894, xxx, p. 471; H. FEHLING: 

Archiv fiir Gynakologie, 1895, 1, p. 472. 

8 GOLDTHWAIT, PAINTER, OsGoop, and McCrupDEN: This journal, 1905, 

xiv, p. 389. 
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EXPERIMENTAL RESULTS. 

Third metabolism experiment diet. ist day. — Breakfast : bread, 52-0 gm., 

butter, 12.6 gm. ; oatmeal, 148.5 gm. ; coffee, 150.0 €.c. ; cream, 50.0 C.C. 

Dinner: liver, 38.0 gm.; potato, 94.3 gm.; bread, butter. Supper: 

jam, 59.0 gm. ; gingerbread, 79.0 gm. ; cocoa, 146.0 C.C. 

Second day. — Breakfast: oatmeal, 109.0 gm. ; omelette, 40.1 gm. ; coffee, 

153-0 c.c; milk, 58.0 C.c. 5 bread, butter. Dinner: fish, 46.8 gm. ; 

TABLE I. 

Urine. 

Ist day 

2d day. 

3d day . 

4th day 

Sth day 

6th day 

Total : 

Feces . 

Total outgo . 

In food. 

potato, 95.0 gm.; jam, 44.5 gm. ; bread, butter. Supper: oyster broth, 

160.0 CC. ; Cocoa, 139.0 C.c.; Jam, 48.5 gm. ; bread, butter. 

Third day. — Breakfast: oatmeal, 17.5 gm.; omelette, 44.8 gm.; milk, 

50.0 €.c. ; coffee, 153.0 c.c.; bread, butter. Dinner: potato, 95.1 gm. ; 

cabbage, 64.5 gm.; broth, 121.0 c.c. ; jelly, 68.3 gm. ; milk, 60.0 C.C. ; 

bread, butter. Supper: cocoa, 137.0 ¢.c.; jam, 69.2 gm. 3 bread, butter. 

Fourth day. — Breakfast: baked beans, 74.5 gm. ; coffee, 152.0 C.C.; bread, 

butter. Dinner: beef, 38.0 gm. ; potato, 124.1 gm.; peas, 56.7 gm. ; ice 

cream, 55.1 gm.; bread, butter. Supper: pears, 58.5 gm.; cocoa, 

128.0 c.c.; bread, butter. 

Fifth day. — Breakfast: oatmeal, 93-3 gm. ; omelette, 132.0 gm.; coffee, 

152.0 c.c.; bread, butter. Dinner: lamb, 27-0 gm.; potato, 93-7 gm.; 

ice cream 56.2 gm.; bread, butter. Supper: apple butter, 61.5 gm. 3 

cocoa, 125.0 c.c.; bread, butter. : 
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Sixth day. — Breakfast: sausage, 30.1 gm.; oatmeal, 110.0 gm.; coffee, 

127.0 c.c.; milk, 60.0 c.c.; bread, butter. Dinner: beef, 48.0 gm. ; po- 

tato, 92.5 gm. ; milk, 68.0 c.c. ; bread, butter. 

Bread for the week, 551 gm.; butter, 86.5 gm. ; sugar, 144.8 gm. ; salt, 

3-82 gm.; water, 2820.0 c.c. The analyses! are given in Table I. 

For the sake of comparison a brief résumé of the analyses obtained 
in Experiments 1 and 2 is given in Tables II and III. 

TABLE II. 

EXPERIMENT 1. PERFORMED BEFORE THE OPERATION. Duration § Days. 

Daily average in urine 

Total in urine 

Feces 

Total excreted 

Food 

TABLE III. 

EXPERIMENT 2. PERFORMED A FEW MONTHS AFIER THE OPERATION. 

DuRATIon 14 Days. . 

Daily average in urine 

Total in urine 

Feces 

Total excreted 

Food. 

Several points may be noted in the third metabolism experiment. 

There is an excess of 4.83 gm. of calcium oxide in the excreta over 

1 For details of the methods, see GoLpTHWAIT, PAINTER, OsGoop, and 

McCruppEN: This journal, 1905, xiv, p. 389. 
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that in the food. The loss of calcium by the body is more marked 

even than in the first experiment, in which case 1.10 gm. were 

returned. The daily excretion of calcium in the urine is high. The 

average in this case in 0.264. According to Neubauer and Vogel,! 

the normal average is 0.16 gm. 

The magnesium in the urine is lower than normal, According to 

Neubauer and Vogel, the normal average is from 0.18 to 0.28 gm. per 

day. We obtained in this case 0.108 gm. per day as an average. 

Further, it may be seen that there is about twice as much mag- 

nesium in the feeces as in the urine, whereas we know that normally 

magnesium is excreted chiefly in the urine. 

The metabolism of the calcium and magnesium in this experiment 

is essentially the same as in the first experiment, when the patient 

was suffering from the disease and before the operation had been 

performed. One noticeable difference in the metabolism in the two 

cases may be noted, however: in the first experiment there is an 

enormous retention of sulphur; in the third experiment the retention 

is almost negligible. 

There is a retention of nitrogen and phosphorus in the third 

experiment. Satisfactory studies of the effect of castration on the 

inorganic metabolism have not yet been carried out, so that we do 

not know the reason for this retention. A possible explanation lies 

in the lowering of the metabolism, which, according to Loewy,” 

castration brings about. On account of our lack of knowledge 

concerning the effect of castration on the metabolism the author 

is about to begin a careful study of the effect of castration on the 

inorganic metabolism of normal adult animals. 

DISCUSSION. 

According to Fehling, osteomalacia is a tropho-neurosis of bone 

due primarily to a diseased condition of the ovaries. Removal of 

the ovaries does not, however, always effect a permanent cure, as 

Neumann? as well as we ourselves have observed. Further, beyond 

a slight hyperemia in some cases, the ovaries are not found to be 

pathological; and cases of osteomalacia occur in young women 

1 NEUBAUER und VoGEL: Analyse des Harns, 1898, p- 45- 

2 A. Loewy: Ergebnisse der Physiologie, 1903, ii, p- 130- 

% NEUMANN: Archiv fiir Gynakologie, 1896, li, p. 139- 
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whose ovaries have not yet become functional,’ and also in men. 

This disease therefore cannot be due in all cases to a pathological 

condition of the ovaries. 
Among others we can imagine three possible processes in osteoma- 

lacia, namely, (1) an incapacity of the inorganic ground substance 

to enter into combination with and fix the inorganic salts, (2) a 

deficiency of lime in the nutritive material supplied to the bones, and 

(3) an especially active katabolism of bony tissue. 
The first possibility might be thought of in connection with the 

fact mentioned in our last paper that the composition of the organic 

matrix is abnormal in this disease. It is improbable, however, that 

a slight change in the chemical composition of the organic matrix 

would affect its power of fixing lime. This process seems to be a 

physical one, and dead bone* and even gelatin can take calcium away 

from its salts in a similar manner. Further, this theory would not 

explain the excess of calcium in the excreta over that in the food. 

Again, as we shall see further on, the apposition of new osteoid 

tissue is not the primary feature, and seems to come only after the 

loss of calcium. 
Deficiency of calcium in the food supply alone cannot be the cause 

of the disease, for the absolute quantity of calcium excreted daily is 
decidedly higher than normal, and not lower, as we should expect on 

a diet too poor in calcium to maintain normal equilibrium. Further, 

such an hypothesis does not explain why one person should suffer 

severely and others living on the same diet be perfectly well; on the 

other hand, artificial softening of bone has been produced in animals, 

and especially in birds, where the osseous metabolism is especially 

active by means of a diet poor in calcium,’ so that we can conclude 

that a diet poor in lime or a condition of poor absorption of calcium 

would probably act as a contributing cause if there were primarily 

a condition of increased bone absorption. 

In regard to the third cause we know that bones as well as other 

tissues have an active metabolism until well into adult life, and that 

absorption of old and building up of new bone is continuously taking 

place. Further, the exceedingly large quantity of calcium excreted 

1 This is the case in our patient. 
2M. PFAUNDLER: Miinchener medizinische Wochenschrift, 1903, 1, p. 1577. 

8 Voir: Zeitschrift fiir Biologie, 1880, xvi, p. 55; ROLL: Pathologie und 

Therapie der Hausthiere, 2d ed., p. 411; Cuossar: Comptes rendus, 1842, xiv, 

P- SI. 
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in both urine and feces establishes the fact that in osteomalacia ab- 

sorption of bone is particularly active. The cause of the active katabo- 

lism of bone in puerperal osteomalacia is undoubtedy the condition of 

pregnancy, during which the developing foetus requires large quantities 

of lime. Hanau! found at autopsy, especially in the bones of the 

pelvis, a condition similar to that found in osteomalacia even in 

pregnant women who seemed to be free from all signs of unsound 

bones. 

In the non-puerperal cases we do not know the cause of the active 

bone katabolism. It is certainly not to be accounted for, as we 

have already shown,? by the old theory of solution of the calcium by 

an acid. 

The abnormal sulphur metabolism may be explained as a condition 

secondary to that of the loss of calcium, —an attempt to make up for 

the great loss of osseous tissue by an excessive production of osteoid 

material. In the first experiment, while the disease was in progress, 

there was a loss of calcium with a retention of sulphur. The re- 

moval of the ovaries immediately affected the calcium metabolism and 

caused a retention. The change in the sulphur metabolism did not 

respond so rapidly, — just as we should expect in accordance with the 

view that the abnormal sulphur metabolism is secondary to the loss 

of calcium, — so that in the second experiment there is still a reten- 

tion of sulphur, but not so great a retention as in the first experiment. 

By the time of the third experiment the sulphur metabolism had 

finally reached a condition of equilibrium. Just previous to this time 

the patient began to show symptoms of the disease again, and in 

this experiment, although there is a considerable loss of calcium, 

a marked new formation of osteoid tissue (which would be indicated 

by a retention of sulphur) has not yet begun, This combination of 

the two unfavorable circumstances probably accounts for the spon- 

taneous fractures at just this time. 

It seems probable that the loss of lime and consequent softening of 

bone in osteomalacia is merely one of the symptoms of the disease. 

We may relieve this symptom for a time by removing the ovaries. 

In the case of puerperal osteomalacia this operation removes also 

the possibility of the condition— namely, pregnancy — which is 

one of the causes of the disease. In non-puerperal osteomalacia, 

1 HANAU: Fortschritte der Medicin, 1892, x, p- 236. 

2 GoLpDTHWAIT, PAINTER, OsGoop, and MCCRUDDEN: This journal, 1905, 

xiv, p. 389. ; 
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castration likewise masks for a time the symptom of loss of cal- 

cium, but does not have any influence on the ultimate cause of the 

disease. 
I wish to thank Drs. Goldthwait, Painter, and Osgood for obtaining 

the patient and maintaining her in the hospital during the course of 

the experiment. 



ON CONDUCTION AND CONTRACTION IN SKELETAL 

MUSCLE IN WATER RIGOR. 

By CLYDE BROOKS. 

[From the Hull Physiological Laboratory of the University of Chicago.) 

HE object of this paper is to ascertain whether contraction or 

conduction ceases first in skeletal muscle on going into water 

rigor. 

Biedermann! bathed one end of the frog’s sartorius in a hypotonic 

solution till local water rigor was induced. He does not state 

whether he used curarized frogs or not. On stimulating the rigid 

part of the muscle, visible contractions occurred only in the other 

end. He concluded from this that skeletal muscle in water rigor 

may conduct without contracting. 

Engelmann,” using the curarized sartorius, repeated and confirmed 

Biedermann’s observations and extended them to the frog’s heart. 

He bathed the auricles in a hypotonic solution till no visible con- 

tractions could be obtained from them on stimulation; but on excit- 

ing the auricles, the ventricles contracted. He concluded from this 

that cardiac muscle in water rigor may conduct without contracting. 

Three objections have been made to the above conclusions : — 

1. It may be that nerve fibres resist the action of water for a 

longer time than muscle fibres do. Therefore in the heart the 

impulses may have been carried by the intrinsic nerves. Unless the 

nerve endings in the sartorius were completely curarized, this may 

have occurred in the case of the skeletal muscle too. 

2. It is possible by the technique of the above experiments that 

there was complete rigor in the outer fibres, and yet that the inner 

fibres at this stage were relatively unaffected and able to contract on 

artificial stimulation, and that such contractions were masked by the 

rigidity of the outer fibres. 

1 BIEDERMANN: Sitzungsberichte der Wiener Akademie der Wissenschaften, 

1888-89, xc, Abtheilung 3, p- 101; Electrophysiologie, 1895, p- 149- 

2 ENGELMANN: Archiv fiir die gesammte Physiologie, 1894, lvi, p- 199. 
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3. It is possible that the contractions observed were caused by 

the spread of the electrical current (actual escape, or electrotonus ) 

instead of by physiological conduction. 
Weight is given the first objection by the fact that in Limulus 

heart in a certain stage of water rigor, the intrinsic nerves still con- 

duct even after the muscle fibres have lost their contractility." 

In order to test this point on skeletal muscle, a retractor muscle of 

the neck of the tortoise was used to make a preparation such as was 

made of the Limulus heart by 
Carlson in the article referred to ec ouameceta ———— 

above. The retractor muscle is ==—— = Le 

supplied by a large nerve running Ficure 1.— Method of preparing a re- 

very near the surface of the muscle tractor muscle of the neck of the tortoise 

from before backward, and giving __ for testing conduction through the intra- 

off branches to the muscle fibres ™S‘wlar nerves. 
at frequent intervals. In two places the main nerve was dissected 

out and the muscle transsected into three parts connected only by 

the main nerve which was left intact (Fig. 1). The middle segment 

was then placed in distilled water. When the nerve was stimulated 

after this segment had become rigid, no visible contractions occurred 

in the middle segment itself, but both the other segments contracted 

strongly. 
This shows that the intramuscular nerves of skeletal muscles may 

conduct even when the adjacent muscle fibres are in water rigor. 

This is analogous to the results of Carlson on the Limulus heart. 

Therefore, if the uncurarized or the incompletely curarized sar- 

torius was used, Biedermann’s results may have been due to the 

stimulation of the intramuscular nerves. Although on examination 

of May’s drawings ? of the nerve supply of the frog's sartorius, it seemed 

possible that Biedermann’s results were due to double conduction ; 

yet several trials to show splitting of the axis cylinders by dissecting 

out the nerve and transsecting the muscle at the point where the 

nerve enters it, and then stimulating one segment, failed, for there 

were no visible contractions in the other segment. 

Since Engelmann used the curarized sartorius in confirming 

Biedermann’s experiment, this objection does not apply to this part 

of his work. But, as pointed out by Carlson, his results on the frog’s 

heart may have been due to the stimulation of the intrinsic nerves of 

the auricles. 
1 CARLSON: This journal, 1906, xv, p. 112. 

2 May: Zeitschrift fiir Biologie, 1884, xx, p. 479. 
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On a priori grounds the second objection is reasonable, for, since 

the water would touch the outer fibres first, they should become 

rigid first. It is known that water rigor takes an appreciable time to 

become well established.1 

In order to obtain exact data on this point the retractor of the 

tortoise was placed in distilled water and attached to a light lever 

which magnified the contractions about ten times. After the muscle 

had been acted upon by the water so that on stimulation no con- 

tractions could be detected even by the aid of a lens, tracings about 

3 mm. in height were still recorded on the drum. After immer- 

sion of three or four hours the record showed no contractions what- 

ever, even on stimulation with a much stronger current. The muscle 

was then pared on all sides, leaving only a small core of clear-looking 

tissue from the centre. On stimulation of this core with a much 

weaker current than that first used, tracings 3 cm. in height were 

recorded, the magnification being the same as before. 

This shows that when skeletal muscle is allowed to stay for a time 

in distilled water, the outer part loses its contractility a measurable 

time before the inner part. 

Therefore Biedermann’s results ay have been due to contractions 

of a core of fibres in the centre of the muscle, such contractions 

being masked by the rigidity of the outer fibres. 

The third objection, as pointed out by Kaiser,” applies to the work 

of Biedermann and of Engelmann on the frog’s sartorius. 

In order to test this point experimentally, a curarized frog’s sartorius was 

isolated, placed in a vertical position with each end attached to a light lever, 

and the middle held by a screw clamp. In order that this clamp should be 

insulated from the muscle, two strips of cork were partly imbedded in a layer 

of paraffin covering the surface of the clamp next to the muscle. Two fine 

platinum wire electrodes were thrust through the muscles near its lower end. 

The electrodes were connected with an induction machine supplied by a cell 

with an E. M. F. of about one volt. The strength of current was adjusted so 

that it should be more than sufficient to set up maximal contractions in the 

directly stimulated muscle and yet should not be strong enough for the current 

to escape to the other end of the muscle. With the muscle so lightly clamped 

that there was no interference with the passage of the contraction wave, the 

adjustment was made by gradually increasing from a very weak current to the 

point where there were maximal contractions. This fixed the minimal limit 

1 BIEDERMANN: Electrophysiologie, 1895, p. 305- 

2 KAISER: Zeitschrift fiir Biologie, 1895, xxxi, p. 244. 
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of the current to be used. Then the muscle was so strongly crushed by 

tightening the clamp that no physiological conduction could occur. The 

lower end of the muscle was then stimulated with increasingly strong chr- 

rents till contractions began in the other half. This fixed the maximal limit 

of the strength of stimulus to be used. The crushed muscle was next re- 

placed by an intact one. A dish of distilled water was brought up around 

the lower half of the muscle sub- 

merging all that part of it below 

the clamp. The upper part of the 

muscle was kept moist with 0.7 per 

cent sodium chloride solution. The 

preparation was allowed to stand in 

this condition except at certain in- 

tervals when the water was drawn off 

and the muscle stimulated. 
Ficure 2.— Showing the effect of water on 

The. ¢ : Fi _ : contraction and conduction in the curarized 
o : = : eS ( 1g. 2) show frog’s sartorius. A. Contractions of the part 

that the part of the muscle in in water on direct stimulation. B. Contrac- 
water gradually shortens and_ tions of the part not in water on stimulation 

loses contractility and also con- ef, es ak peice ge ater ter 
ductivity, as measured by con- 

tractions in the upper half of the muscle, so that in about twenty 
minutes all visible contractions in both parts of the muscle have 
ceased. On stimulating the upper part of the muscle directly, there 
were strong contractions. After this the rigid half was again stimu- 
lated with gradually increasing currents. When the maximal limit 
for stimulation, as determined above, was exceeded, the upper half of 
the muscle gave full contractions. But these were due to the spread 
of the current and not to physiological conduction, for after crushing 
the muscle with the clamp the contractions persisted. This agrees 
with the results of Kaiser, and is not necessarily contrary to those of 
H. E. Hering. 

It would seem, therefore, that the conclusions of Biedermann and 
of Engelmann do not follow from their observations. 

In order to avoid the above three sources of error, an effort was 
made to study microscopically the effect of water on contractility 
and conductivity in an isolated muscle fibre of several cm. in length. 

Two shallow cells were constructed of paraffin side by side on a glass slide 
which was placed on the stage of a microscope. One cell was filled with dis- 
tilled water ; the other with 0.07 per cent NaCl or with Ringer’s solution. Next 

} HERING: Archiv fiir die gesammte Physiologie, tgot, Ixxxvi, p. 549. 
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the fibres of the retractor were separated by the aid of a microscope. This 

muscle was used on account of the great length of its fibres. Various methods 

for‘isolating a fibre were tried. The stripping method, which was the most 

successful, consisted in separating the fibres at one end of the muscle and then 

splitting them apart throughout their entire length. For this purpose fine 

pointed forceps were most useful. A single fibre thus isolated was placed on 

the slide with its anterior third submerged in the cell containing the solution ; 

its middle third in the distilled water cell, while the 

posterior third was laid across two small electrodes con- 

nected with the secondary cell of an induction machine. 

On stimulation no change was observed in any of the 

Ficure 3.—Cross sec- preparations consisting of a single fibre. This negative 

tion of a strip of result may be due to injuries during the process of iso- 

plone ee fibres; jation. For when a number of small strips of muscle 
.about 5 cm. in length, 

used to test theeffect tissue containing only a few fibres and several cm. in 

ofiwater enusoniacs length (Fig. 3), was prepared in the same way, strong 

hltyand conductivity ontractions were observed in all the fibres of some of 
in skeletal muscle. 

the strips, although only a somewhat small proportion of 

strips were successful. This was also due to unavoidable injuries. In order 

to minimize the danger of conduction through the intramuscular nerves, the 

strip was taken from the upper edge of the muscle where there are terminal 

nerve fibres only. For the same reason the electrodes were placed on the 

posterior end of the strip so that when it was stimulated the impulse would 

travel in the muscle opposite to the direction of the nerve fibres. 

The experiment showed that the part of the fibres acted upon by 

the water gradually lost their contractility and conductivity in the 

same measure in which they became swollen and opaque. All visible 

contraction had disappeared in about three minutes. Conduction 

through that part of the fibres in the water, as judged by the con- 

tractions of the part in the saline solution, ceased at the same time. 

Therefore it is probable that when skeletal muscle goes into water 

rigor, it loses both contractility and conductivity at practically the same 

time. 

My thanks are due Dr. A. J. Carlson for suggesting the problem 

and for assistance in the work, and to Professor Stewart for criticism 

of the manuscript. 



THE CHEMISTRY OF THE PROTEIN BODIES OF THE 

WHEAT KERNEL. — PART II. 

PREPARATION OF THE PROTEINS IN QUANTITY FOR 

HYDROLYSIS. 

By THOMAS B. OSBORNE anp ISAAC F. HARRIS. 

[From the Laboratory of the Connecticut Agricultural Experiment Station.| 

HE recent advance in our knowledge of the several decomposi- 
tion products of the proteins and the methods for determining 

their amount has given us a new means for differentiating our various 
proteins and establishing their individuality. As the first step in 
this direction, we have undertaken the present work, and in this 
paper describe the methods which we have used in preparing our 
material for hydrolysis. 

Before undertaking to determine the nature and amount of the 
products yielded by proteins when decomposed by boiling with strong 
acids, it is essential that the large quantity of material necessary for 
this work shall be as pure as possible, both as respects admixture 
with non-protein as well as with other protein substances. We have 
therefore endeavored to make preparations of the wheat proteins to 
be used for a study of their decomposition products of the highest 
degree of purity which our experience with them bas made possible. 
In regard to the chemical individuality of the several wheat proteins 
which have been studied in the past in this laboratory we refer to 
papers already published which deal with this subject.? Although 
positive evidence of chemical individuality of protein substances can- 
not, with the means at present available, be obtained, there can be 

' The expenses of this investigation were shared by the Connecticut Agricul- 
tural Experiment Station and the Carnegie Institution of Washington, D. C. 

? OsBoORNE ang VooRHEES: American chemical journal, 1893, xv, p. 392; 
Tbid., 1897, xix, 236; Journal American Chemical Society, 1900, xxii, 379; This 
journal, 1905, xiii, p. 36. 
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no question that protein substances can be isolated from seeds and 

animal tissues which are beyond doubt distinctly different substances. 

Thus five unquestionably different forms of protein, differing 

in composition, solubility, and physical characters, can be isolated 

from the wheat kernel. Whether each of these is itself a chemical 

individual or a mixture of two or more very similar substances cannot 

at present be asserted. All that can be said is that it has not yet 

been possible to separate them into fractions the properties of which 

indicate a mixture. 

Owing to the extreme sensitiveness of proteins to the action of 

acids, alkalies, and salts, minor differences in solubility are not to be 

depended upon as a basis for characterizing individual proteins. 

Thus the protein edestin, which in pure water is entirely insoluble, in 

the presence of a slight amount of acid is freely soluble therein. The 

addition of a small quantity of a neutral salt throws the protein out of 

this acid solution, while a larger quantity of salt at once redis- 

solves it. 

Such differences in solubility have nothing to do with the protein 

molecule proper, but depend on the formation of protein salts, the 

solubility of which is different from that of the free protein itself. 

As the formation of such protein salts depends on conditions that 

in most cases cannot be taken into account, such differences in 

solubility cannot be made a basis for characterizing the different 

individual proteins. We are therefore limited in dealing with such 

problems to the more marked differences in solubility, such as that in 

alcohol, strong saline solutions, or alkalies, and to constant ultimate 

composition of successive fractional precipitations. 

Thus, when proteins have been separated into fractions which have 

the same composition, general solubility, and physical properties, we 

are not justified in concluding that we have in hand a single individ- 

ual protein. All we can conclude is that we have reached the limit of 

separation attainable with the means now available, and that for the 

present we must accept such products as the simplest units with 

which we can now deal and which for the present must serve as our 

basis for further study. If, on the other hand, protein preparations, 

characterized in the manner above described, show distinct and con- 

stant differences from one another, we are justified in considering 

them to be different substances. 

That the wheat kernel contains at least five such ‘distinct protein 

substances has been shown by extensive researches in this laboratory, 
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the first of which! described the isolation of each of these and gave 

the results of attempts to establish their individuality, so far as the 
means then available permitted. 

The proteins described were g/adin, insoluble in neutral aqueous 

solutions but distinguished from all the others by its ready solu- 

bility in neutral 70 per cent alcohol; g/u/entz,2 a protein having a 

similar elementary percentage composition to gliadin, soluble in 

very dilute acid and alkaline solutions but insoluble in dilute 

alcohol or neutral aqueous solutions; J/ewcosin, an albumin-like 

protein, freely soluble in pure water and coagulated by heating its 

solution to 50°-60°; a globulin similar in composition and_prop- 

erties to many gobulins found in other seeds; and one or more 

proteoses which were present in very small quantity. In a latere 

paper® the proteins obtained from the embryo of the wheat were 

described, and it was there shown that the globulin, albumin, and pro- 

teose above mentioned formed nearly all of the protein substance of 
this part of the seed. It thus appeared that these three proteins 

were contained chiefly in the embryo, and that gliadin and glutenin 

formed nearly the whole of the proteins of the endosperm, or over 90 

per cent of the total protein matter of the seed. 

PREPARATION OF THE ALBUMIN, LEUCOSIN. 

The embryo of the wheat contains about 10 per cent of leucosin, 

while the whole kernel yields about 0.3 to 0.4 per cent. The com- 

mercial wheat-germ meal, which consists almost wholly of the embryo, 

together with a small amount of endosperm and bran, was therefore 

used in preparing the leucosin in quantity. The freshly ground meal 

was extracted with water, and, as the gummy solution could not be 

filtered within a reasonable time, an equal volume of saturated ammo- 
nium sulphate solution was added. The precipitate thus produced 

was filtered out, dissolved in water, the solution filtered perfectly 

clear, and the leucosin coagulated by heating the dilute solution to 

65° in a water bath at 70°. As the only other protein substance 

present in this solution was a relatively insignificant quantity of pro- 

teose, the product obtained was practically free from any other pro- 

} OsporRNE and VoorHEES: American chemical journal, 1893, xv, p. 392. 

? This is the protein which RITTHAUSEN called gluten-casein. 

8 OsBORNE and CAMPBELL: Journal American Chemical Society, 1g00, xxii, 

P- 379. 
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tein. This coagulum was thoroughly washed with hot water, in 

order to remove any admixed proteose, and dehydrated with absolute 

alcohol. The preparation formed a light white powder. In physical 

properties and elementary composition leucosin resembles the pro- 

teins of animal tissues more nearly than the reserve proteins of the 

endosperm. It is much less stable than the latter and more readily 

converted into an insoluble product. 

ELEMENTARY COMPOSITION OF LEUCOSIN. 

Garbon . . « - - 53-02 per cent. 

Hydrogen . - - ; Eisyi UU 

Nitrogen . = - = NOrGOmGan ie 

Sulphur. -. - - 5 nares Sa 

@xygenu-- ee 22-600 Mine 

100,00 

Proteins of similar composition and properties to leucosin occur in 

small quantity in many cereals and legumes, and it is possible that 

these, like most of the animal proteins, form a part of the physiologi- 

cally active tissue of the embryo and serve a different purpose in the 

metabolism of the seed from that of the reserve protein of the endo- 

sperm. It is therefore a matter of interest to compare the results of 

quantitative determinations of its decomposition products, both with 

those of the endosperm proteins and with those of proteins from 

physiologically active animal tissues, 

PREPARATION OF THE GLOBULIN. 

Whole wheat flour, when treated with 10 per cent sodium chloride 

solution, yields to the latter about 0.6 per cent of protein, which, on 

dialysis, is thrown down +n the form of minute spheroids that are for 

the most part readily soluble again in sodium chloride brine. This 

protein has the properties characteristic of a large number of globu- 

lins obtained from other seeds and also resembles these in composi- 

tion. Whether this resemblance extends further we do not at present 

know. We hoped therefore to be able to obtain a sufficient amount 

of this protein to enable us to make quantitative determinations of 

its several decomposition products, but in this we were disappointed. 

Owing to the small proportion in which this globulin is obtained from 

the flour of the entire seed, it is not practicable to prepare large 

quantities of it therefrom. We have therefore used freshly prepared 
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embryo meal from which the globulin can be extracted in consider- 
able quantity. Unfortunately, when thus extracted, it is combined 

with triticonucleic acid, although the preparations from the entire 

seed contained none of this acid. Our attempts to separate the 

globulin from the nucleic acid resulted in such great loss that we 

were compelled to abandon our efforts to prepare sufficient quantities 

for the present investigation. 

THE PROTEOSES. 

Aqueous extracts of the wheat flour always contain a small propor- 

tion of protein matter which closely resembles in its properties the 

substances which are obtained by the action of pepsin-hydrochloric 

acid on native proteins. It is probable that these are to some extent, 

if not wholly, due to the action of the enzymes of the seed on the re- 

serve proteins of the endosperm, as well as on the tissue proteins of 

the embryo. As we have no means of determining the origin of these 

proteoses or of separating the mixture into products of probable 

chemical individuality, we have made no attempt to prepare them for 

further investigation. 

GLIADIN. 

This important protein has been the subject of the first paper of 

this series! in which we reviewed the literature relating to gliadin pub- 

lished since 1893 and gave our reasons for rejecting such evidence 
as had been presented concerning the existence of more than one 

alcohol soluble protein in this seed. We also showed that fractional 

precipitates of gliadin from alcoholic solutions of various concentra- 

tions yielded similar proportions of glutaminic acid. 

There being no sufficient evidence that more than one alcohol sol- 

uble protein occurs in the wheat kernel, we have made no attempt, in 

preparing large quantities of gliadin for our present investigation, to 

subject the protein matter extracted by alcohol to any fractional pre- 

cipitation, but have undertaken to separate it as completely as pos- 

sible from all other substances soluble in water, alcohol, and ether. 
Wheat flour, unlike that of any other known seed, when mixed 

with sufficient water, forms a doughy mass which, on kneading ina 

current of water, yields to the latter nearly all the starch and water 

1 OsBorNneE and HARRIS: This journal, 1905, xiii, p. 35- 
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soluble substances and finally assumes a coherent and elastic charac- 

ter. This latter product is “ wheat gluten,” and consists of a mixture 

of two proteins, gliadin and glutenin, together with more or less of 

the other constituents of the seed. 

We have prepared the gliadin for this investigation entirely from 

gluten, as thereby the water-soluble constituents of the seed are more 

completely removed than by any other method of preparation which 

can be readily used on a large scale. The wheat flour was kneaded 

into dough in a domestic ‘‘ bread mixer,” and then under water in a 

specially constructed kneading-machine. After frequently decanting 

and renewing the water, a thoroughly coherent gluten was obtained. 

This was washed practically starch free in a current of water and, 

while moist, was ground by passing through a “drug press” which 

we found to be the most ready means of reducing it to comparatively 

small pieces. The ground gluten was then extracted with alcohol of 

such strength that, with the combined water of the gluten, a solvent 

of 60-70 volume per cent resulted. The extracts were filtered per 

fectly clear, through thick felts of filter paper pulp, and the water- 

clear solution, free from any trace of opalescence or turbidity, was 

evaporated to a small volume on a water bath. The thick syrup that 

resulted was cooled and then poured, with constant and rapid stirring, 

into a large volume of distilled ice water containing a very little 

sodium chloride. The gliadin was thus precipitated as a filament, 

which, on stirring, united to a coherent plastic mass. This gliadin 

was next dissolved by stirring with strong alcohol until all had gone 

into solution, the water combined with the precipitated gliadin being 

sufficient to dilute the alcohol to the proper degree. The resulting 

solution was evaporated to a thick syrup, absolute alcohol being added 

from time to time in order to hold the gliadin in the solution, since 

this, during the evaporation, became constantly more aqueous. The 

thick syrup was then poured in a very fine stream into a large volume 

of absolute alcohol, under rapid and constant stirring. In this waya 

porous mass of protein was obtained which was at once reduced to 

small pieces and digested under fresh absolute alcohol. When well 

dehydrated, the gliadin was digested with ether, partially dried over 

sulphuric acid, ground to a coarse powder, and then dried thoroughly 

over sulphuric acid. When thus prepared, gliadin forms a snow-white, 

friable mass which is easily reduced to a powder. If dried by slow 

evaporation of its solution in dilute alcohol, it forms perfectly 

clear, transparent sheets that closely resemble pure animal gelatin. 
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In consequence of this property gliadin was long known as plant 

gelatin. 

In cold water gliadin is slightly soluble, especially if a very little 

acid is present. It is most probable that this solubility is due to the 

formation of soluble gliadin salts, and that the apparent slight solubil- 

ity of preparations obtained in the above manner is due to the exist- 

ence of such salts in the seed or to their formation during extraction. 

Gliadin is insoluble in absolute alcohol and, so far as known, in all 

water-free organic liquids with the exception of glacial acetic acid. 

In aqueous alcohol it is soluble, the degree of solubility increasing 

with the amount of water until this reaches 30-40 per cent and then 

diminishing. The elementary composition of gliadin is shown by the 

following figures, which are averages of many accordant analyses of 

numerous fractional precipitations which have been made in this 

laboratory. 

PERCENTAGE COMPOSITION OF GLIADIN. 

Gliadin-wheat ; Gliadin-rye ; 
av. 25 analyses. av. 13 analyses. 

Sar DOMv peerete.. le sy eye 52.72 

Eiydropen) . *. 9 5 6.86 6.84 

INGEROREH es nec. 67-00 17.72 

Suh, EM oan eeeeny! 1.21 

ORVPER Tey aol yi 2.02 21.48 

100.00 100.00 

GLUTENIN. 

Glutenin was prepared from the residue of the wheat gluten after 

extracting the gliadin by alcohol. This residue was dried at room 

temperature and then ground to a powder which was extracted first 

with absolute alcohol and then with ether as long as either solvent re- 

moved anything from it. The alcohol was then removed at room 

temperature and the residual powder treated with just enough 0.2 per 

cent solution of potassium hydroxide to dissolve it. The resulting 

turbid solution was then filtered perfectly clear and neutralized with 

very dilute hydrochloric acid. The precipitate produced was extracted 

with 70 per cent alcohol as long as any gliadin was removed, then 
- thoroughly dehydrated with absolute alcohol and dried over sulphuric 

acid. 

When thus prepared, glutenin has the following composition : — 
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PERCENTAGE COMPOSITION OF GLUTENIN. 

Carbon nen er 5234. 

Hydrogen . - - - 6.83 

Nitrogen. . - + + 17-49 | 

Stiletto 0 9 08 

(Oyapew Gis SG o 2 22.26 

100.00 

Unless the solution from which glutenin is precipitated is filtered 

perfectly clear, the product obtained contains much less nitrogen and 

more carbon. This fact is discussed in a former paper from this 

laboratory.! 

The agreement in composition between glutenin and gliadin is close, 

and has in the past led several investigators to consider them to have 

a common origin or to be derived one from the other. That this is 

not so was first proved by Kossel and Kutscher,? who found lysine 

among the decomposition products of glutenin, but none among those 

of gliadin. This difference has been still further emphasized by the 

results of our present investigation which shows marked differences | 

in the proportion of several of the decomposition products. 

1 OsBORNE and VOORHEES: American chemical journal, 1893, Xv, P. 455- 

2 KossEL and Kurscuer: Zeitschrift fiir physiologische Chemie, 1901, xxxi, 

p- 165. 
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WHEAT KERNEL. — PART III. 

HYDROLYSIS OF THE WHEAT PROTEINS. 

By THOMAS B. OSBORNE anp S. H. CLAPP. 

[From the Laboratory of the Connecticut Agricultural Experiment Station.| 

HE extensive use of wheat flour makes it of great importance 

to know as much as possible regarding its chemistry and espe- 

cially regarding the chemistry of its protein constituents. This is of 

importance not only in relation to problems of vegetable chemistry 

and physiology as well as to problems of protein chemistry, but 

especially so in connection with the nutrition of man. In connection 

with the latter question it has become of fundamental importance to 

know the nature and proportion of the products which the food pro- 

teins yield when decomposed by boiling acids, for the recent progress 

in our knowledge of digestion has shown that the digestive enzymes 

convert the food protein very largely into the same substances as 

those produced by boiling acids. These final products of hydrolysis 

are consequently the units with which the process of assimilation, 

chiefly deals. 

Furthermore, as the wheat kernel is the only seed from which prac- 

tically all of the protein constituents have been isolated and of which 

we have the most definite knowledge both in respect to their kind 

and proportion, it is especially desirable to supplement our present 

knowledge by as full information as possible concerning the primary 

decomposition products of these proteins in order that something in 

regard to their structural relations may be known and the kind and 

amount of the possible products of the metabolism of this seed may 

be ascertained. 

The investigation of this problem has accordingly been undertaken, 

the results of which are given in the following pages. 

1 The expenses of this investigation were shared by the Connecticut Agricul- 

tural Experiment Station and the Carnegie Institution of Washington, D. C. 
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As stated in Part II of this series of papers,' gliadin, glutenin, and 

leucosin are the only proteins of the wheat kernel which could be 

obtained in sufficient amount for such quantitative estimations of their 

decomposition products. 

The determinations of the mono-animo acids have been made, for 

the most part, according to the methods recently proposed by E. 

Fischer2 and those of the bases essentially according to the methods 

given by Kossel and his associates.2 The general plan of these 

analyses has been that followed by Abderhalden? in analyzing 

oxyhzemoglobin. 

In carrying out this work care has been taken to make the identi- 

fication of the substances determined as complete as possible, and 

to weigh only such products as examination showed to be essentially 

pure, so that the figures given in the following table are to be taken 

as minimal, except possibly those given for prolin, which may be 

slightly too high owing to the well-known difficulty of separating a// 

of the other animo-acids from its alcoholic solution. 

The results of these analyses are given in Table I. 

The analyses show that these three proteins are distinguished from 

one another by differences so great that there can be no question that 

decided differences in structure exist between them. Thus eliadin 

differs from glutenin and leucosin by yielding no glycocoll and lysine 

and much more prolin and glutaminic acid. Gliadin and glutenin each 

yield very much more glutaminic acid and ammonia than leucosin 

and less leucine. In respect to the amount of these amino-acids, leu- 

cosin more nearly resembles the animal proteins than the seed pro- 

teins thus far examined, and in this connection it is interesting to 

note that leucosin occurs chiefly if not wholly in the embryo of this 

seed and is probably one of its “ tissue” proteins, in contrast to the 

“reserve” proteins of the endosperm of which gliadin and glutenin 

form the chief part. 

Glycocoll is not given among the products of hydrolysis of gliadin, 

for careful efforts to detect its presence in the preparation used for 

this analysis failed. Another hydrolysis of another lot of gliadin pre- 

pared in essentially the same way did yield 0.02 per cent of glycocoll, 

1 OsporNE and Harris: This journal, 1906, xvii, p. 245. 

2 Fiscuer, E.: Zeitschrift fiir physiologische Chemie, 1901, xxxili, p. 151. 

8 KosseL and Kurscuer: /béd., 1900, xxxi, p. 161; and KossEL and PATTEN: 

Tbid., 1903, XXxvili, p- 39. 

4 ABDERHALDEN: /6id., 1903, xxxvii, p. 484. 
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TABLE I. 

Gliadin.2 Glutenin. Leucosin. 

per cent per cent per cent 
2 Glycocoll 0.89 } 0.94 

AIBA WO ah ae rene i 4.65 

Amino-valerianic acid 

Leucine 

@ prolin. 

Phenyl! alanine 

Aspartic acid . 

Glutaminic acid . 

Serine 

Tyrosine 

Cystine . 

Oxyprolin . 

Lysine . 

Histidine 

Arginine 

Bromoniasit ss Min | ef 141 

Mryptophane® . - .. . | present 

Total. 

1 After this analysis of gliadin was nearly finished, ABDERHALDEN and SAMUELY 

(Zeitschrift fiir physiologische Chemie, 1905, xliv, p. 276) published an analysis of 

this protein. As their preparation yielded 12 per cent of humus while ours yielded 

only traces, and as their results differed from ours in several respects, we thought 

it desirable to complete our analysis and publish the results. 

2 See page 244. 3 See page 257. 

+ Cf. OsporNE and Harris: Journal American Chemical Society, 1903, xxv, p. 323. 

5 OsporNne and Harris: Zéid., 1903, xxv, p. $53. 

the identity of which was certainly established. This small quantity 

was most probably due to a small admixture of glutenin in the gliadin 

used for this determination, which may have been dissolved in very 

small amount by the large quantity of dilute alcohol used for extract- 
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ing the gliadin. A contamination of this preparation with 2 per 

cent of glutenin would have sufficed to give the amount of glycocoll 

found. The amount of prolin yielded by gliadin is larger than that 

as yet obtained from any other protein, those coming nearest being 

the albuminoids spongin and gelatin. As the amount of prolin from 

glutenin is relatively high, the wheat proteins as a whole, so far as we 

yet know, are particularly rich in this peculiar amino-acid. 

Glutaminic acid is the chief product from the endosperm pro- 

teins of this seed, gliadin yielding more of this acid than any protein 

yet examined and, so far as known, very much more than the average 

of our food proteins. The average amount of glutaminic acid from 

the total protein matter of this seed is more than 30 per cent. The 

yield of ammonia is likewise relatively very high, more than 4.5 per 

cent for the total protein, while the aggregate amount of hexone bases 

is correspondingly small. In respect therefore to the proportion of 

several of their decomposition products, the wheat proteins present 

marked and important differences from other food proteins. 

HyprRoLysIs OF GLIADIN. 

Eleven hundred grams of gliadin equal to 998.6 gm., dried at 110°, 

were heated with a mixture of 1000 c.c. of concentrated hydrochloric 

acid and 1000 c.c. of water on the water bath for several hours, until 

the gliadin had dissolved and frothing had ceased. The solution was 

boiled in an oil bath having a temperature of 115° for ten hours, 

cooled with ice, and saturated with gaseous hydrochloric acid. After 

remaining on ice for two days, the glutaminic acid hydrochloride that 

had separated was filtered out, washed with ice-cold alcoholic hydro- 

chloric acid, dissolved in water, the solution treated with bone black 

and freed from ammonia by boiling with an excess of barium 

hydroxide. After removing the barium with an equivalent amount 

of sulphuric acid, the glutaminic acid was separated as hydrochloride, 

and, when recrystallized and thoroughly dried, weighed 374.3 gm. 

equivalent to 300 gm. of free glutaminic acid. This was converted 

into the free acid, which melted at 202°-203°. 

Carbon and hydrogen, 0.6218 gm. subst., gave 0.9276 gm. CO, and 0.3494 gm. 

HO: 

Nitrogen, 0.4574 gm. subst. gave NH; = 4.3 ©. HCl (1 cc. HCl = 0:01 

gm. N). 

Calculated for C;H,O,N = C 40.78; H 6.18; N 9.54- 

Found... . =C 40.69; H 6.24; N 9.40. 
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The mother liquor from the recrystallized glutaminic acid was 

added to the filtrate from the first separation of the glutaminic acid, 

and the entire solution concentrated to a syrup under strongly 

reduced pressure. Three litres of alcohol, previously saturated with 

hydrochloric acid at a low temperature, were added to the syrup, and 

dry hydrochloric acid gas was passed into the solution until it was 

saturated. The mixture was again concentrated as before, under 

reduced pressure, the syrup again taken up in three litres of alcoholic 

hydrochloric acid, and, after standing several hours, again concen- 

trated to a syrup, taken up in alcoholic hydrochloric acid and, after 

some hours, concentrated to a syrup on a bath of 40° and under a 

pressure of from 5 to 10 mm. The neutralization, extraction, and 

drying of the esters were conducted according to the method 

described by Emil Fischer. 

DISTILLATION A. 

Temp. of bath 
Fraction. up to Vapor. Pressure. Weight. 

I 93° 12.0 mm. 28.18 gm. 

II 100° 75-76° E2200 47.03 ‘ 

Ill 120° ts ao 64.68 

IV 160° Recah O.o0 5 40.00 

Matin, oh ode, teh ute BETES 

The undistilled residue weighed 180.0 gm. 

The residue, which remained after extracting the esters with ether, 

was made strongly acid with hydrochloric acid, freed from sodium 

and potassium salts by repeated evaporations with alcoholic hydro- 

chloric acid, and thorough extraction of the precipitated chlorides 

with the latter. The alcoholic solution of the chlorides of the amino- 

acids was evaporated to a syrup, and esterification repeated as in the 

first instance. After extracting the esters with ether and drying 

them, the entire process was repeated, and the ethereal solution of the 

esters resulting from this third treatment was united with that from 

the second, thus following the method applied by Abderhalden to 

oxyhzemoglobin. * 

1 FiscHer, Emic: Zeitschrift fiir physiologische Chemie, 1901, xxxili, p. 151. 

2 ABDERHALDEN: /6/d., 1903, Xxxvii, p. 484. 
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DISTILLATION B. 

Temp of bath 
Fraction. up to Pressure. Weight. 

I 83° 12.0 mm. 20.13 gm. 

II 100° 12.0) B6:S0 me 

Ill 120° Choy 62570) 5° 

IV 200° O.Om a Bic koroy 

Total's mea yl ees 2s OA ies 

Fraction I. Distillation A.—This was saponified at once by 

evaporation with concentrated hydrochloric acid on a water bath, the 

residue taken up in alcohol, the solution saturated with dry hydro- 

chloric acid gas, and a crystal of glycocoll ester hydrochloride added. 

After prolonged standing on ice no separation occurred. 

The solution was then evaporated on the water bath with concen- 

trated hydrochloric acid, the latter removed with lead oxide and the 

lead with hydrogen sulphide. The amino-acids were subjected to 

fractional crystallization. 

Fraction I. Dvsti//ation B was treated in substantially the same 

way, but although several attempts were made to isolate the hydro- 

chloride of glycocoll ester, none was found. By systematic fractiona- 

tion there were obtained from fraction I of the two distillations, A 

and B, 6.68 gm. alanine and 0.86 gm. leucine. 

The leucine, when recrystallized from dilute alcohol, decomposed 

at about 298°. 

Carbon and hydrogen, 0.1778 gm. subst., dried at rro°, gave 0.3577 gm. COz 

and 0.1608 gm. H,O. 

Calculated for C,;H,,0.N = C 54.89 ; H 1o.o1 per cent. 

Hioyal 5 Gg np 6 SEC ats lel jiedeya © O- 

The alanine, when recrystallized by dissolving in a little hot water 

and gradually adding alcohol, decomposed at about 290°. 

Carbon and hydrogen, 0.2404 gm. subst., dried at 110°, gave 0.3571 gm. CO, 

and 0.1712 gm. H,O. 

Nitrogen, 0.3980 gm. subst. gave NH; equal to 6.2 c.c. HCl (1 cc. Hel 

o.o1 gm. N). 

Calculated for C,H;O.N = C 40.40; H 7.93; N 15.75 per cent. 

Found . « « . = Gmopns e7-on; N 1 Oe 
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Fraction II.— Temp. of bath to 100°. Pressure, 12 mm. Weight, 

83.84 gm. — Distt//lations A and B. Each was saponified by boiling 

for five and one-half hours with five parts of water. 

The solution was evaporated to dryness under reduced pressure, 

the dried residue boiled up with absolute alcohol, and 13.37 gm. were 

dissolved. This solution was united with a similar one obtained 

from fraction III. The substance, insoluble in alcohol, after syste- 

matic fractional crystallization, gave 
I. 22.1 gm. of leucine, which decomposed at about 298° and had the 

following composition : 

Carbon and hydrogen, 0.3128 gm. subst., dried at 110°, gave 0.6310 gm. CO, 

and 0.2794 gm. H,O. 

Calculated for C;H,3;0,N = C 54.89; H 10.01 per cent. 

HOUNGH wee) te CG inc onli giggunc) 7° 

II. A fraction of 3.45 gm. which by fractional crystallization 

could not be further separated and gave results on analysis which 

agreed best for a mixture of leucine and amino-valerianic acid. 

Carbon and Hydrogen, 0.2857 gm. subst., dried at 110°, gave 0.5519 gm. CO, 

and 0.2577 gm. H,O. 

Calculated for equal molecules of leucine and amino-valerianic acid 

— C2705 5) Et 9.74 per cent. 

HOUNCM teen —iO152,G5)iie rorozuics oc 

III. 2.1 gm. substance which had the properties and composition 

of amino-valerianic acid. 

Carbon and hydrogen, 1, 0.2115 gm. subst., dried at 110°, gave 0.3957 gm. 

CO, and 0.1870 gm. H,0. 

II, 0.4597 gm. subst., dried at 110°, gave 0.8643 gm. COs and 0.3956 

gm. H,O. 

Calculated for C;H,,O2N = C 51.22; H 9.48 per cent. 

Found . . | Bs Sigma, 9.82.0 
De rea Tis sl Ger Oa\cs aos 

Specific rotation. — Dissolved in 20 per cent hydrochloric acid 

(a) *?=+ 25.79. E. Fischer and Dérpinghaus! found + 25.9° for their 

preparation from horn, and Schulze and Winterstein? found + 28.2° 

and + 27.9° for preparations from lupine seedlings. 

1 FISCHER and DORPINGHAUS: Zeitschrift fiir physiologische Chemie, 1902, 
XXXvi, p. 462. 

2? SCHULZE and WINTERSTEIN: /did., 1902, xxxv, p. 300. 
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The chlorine was removed from the solution used for determining 

the specific rotation, and the substance racemized by heating with 20 

c.c, of water and 7 gm. of crystallized barium hydroxide for 19 hours 

in an autoclave at 175°. The barium was quantitatively removed 

with sulphuric acid, and the a-naphtyl-hydantoic acid prepared accord- 

ing to the directions of Neuberg and Manasse.! This crystallized in 

long needles and melted constantly, on repeated recrystallization from 

40 per cent alcohol at 180°-181°. 

Carbon and hydrogen, 0.3235 gm. subst., dried at go°, gave 0.7936 gm. CO; 

and o.1g09 gm. H,0. 

Calculated for CygH,s0;N2 = C 67.07 ; H 6.35 per cent. 

Found: cee fen = © GoroonmEnG 5 GR 

By racemizing the remaining mixture of undetermined amino- 

acids we were unable to isolate any more amino-valerianic acid. 

IV. 8.6 gm. alanine. — This was racemized by heating with an 

excess of barium hydroxide and coupled with a-naphtylisocyanate 

according to the directions of Neuberg and Manasse.” 

The hydantoic acid, which crystallized in prisms, melted at 197°. 

Carbon and hydrogen, 0.3146 gm. subst., dried at 110°, gave 0.7480 gm. CO, 

and 0.1560 gm. H,0. 

Calculated for C,,H14O;N2 = C 65.06; H 5.48 per cent. 

Wdetinels. o 6 6 -o. SHC OASAy Ish Gon 7 

Fraction III. Temp. of bath up to 120°. Pressure, 0.8 mm. 

Weight, 127.38 gm. This fraction was boiled for five and one-half 

hours with eight parts of water. The solution, evaporated to dryness 

under reduced pressure, gave 98 gm. of amino-acids or 80 per cent of 

‘the esters. Of this 59.94 gm. were soluble in alcohol. From the 

part insoluble in alcohol, by systematic fractional crystallization there 

were isolated 33.06 gm. of leucine and 4.57 gm. of alanine. The 

leucine decomposed at about 298°. 

Carbon and hydrogen, 0.2416 gm. subst., dried at 110°, gave 0.4872 gm. CO2 

and 0.2166 gm. H,O. 

Nitrogen, 02690 gm. subst., gave NH; = 2.85 c.c. HCl (1 c.c. HCl = oor 

gm. N). 

Calculated for C5Hy,0.N = C 54.89; H 10.01; N 10.70 per cent. 

Found . .'s0). = "© 8499; Hl o.g65.N 10:59 ee 

1 NEUBERG and ManassE: Berichte der deutschen chemischen Gesellschaft, 

1905, xxxvili, p. 2359. 

2 Lbid. 8 bid. 
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The alcoho] soluble substance from fraction II was united with 

that from fraction III. The solution was evaporated to dryness under 

reduced pressure, the residue taken up in water and boiled gently for 

about an hour with an excess of copper hydroxide. The filtered 

solution was evaporated to dryness under reduced pressure and the 

residue boiled with absolute alcohol. The undissolved part was dis- 

solved in water, freed from copper by hydrogen sulphide, and the 

solution again evaporated to dryness under reduced pressure. The 

residue was boiled with absolute alcohol in which all of it dissolved. 

The alcohol was evaporated off under reduced pressure, the residue 

dissolved in 500 c.c. of water and again converted into the copper 

salt. By concentration 19.91 gm. of crystalline racemic prolin copper 

salt were obtained, which is equal to 13.98 gm. of a-prolin. This 
was recrystallized from water and dried in the air. 

Water, 0.7789 gm. subst., lost 0.0856 gm. H,O at 110°. 

Calculated for C,)H,;,;O,N2 Cu: 2 H,O = H,O 11.00 per cent. 

OC Cee arsed eee | he yl AE Olro.g Sire a 

Carbon and hydrogen, 0.6851 gm. subst., dried at 110°, gave 1.0310 gm. COs 

and 0.3450 gm. H,O. 

Copper, 0.2926 gm. subst. gave 0.0799 gm. CuO. 

Calculated for CjoH,,O,N.Cu = C 41.11; H 5.54; Cu 21.79 per cent. 

OU Ge aes n-) ee—Grat ons Huo. iCu2n-G1 el 1 

The r-prolin copper salt was freed from copper with hydrogen sul- 

phide, its solution evaporated to dryness and the residue recrystal- 

lized from alcohol. After drying in vacuo over sulphuric acid the 

r-prolin melted at 203°-205°.! 

Carbon and hydrogen, 0.3373 gm. subst., gave 0.6424 gm. CO, and 0.2453 

gm. H,O. 

Calculated for C; HyO,N = C 52.12; H 7.90 per cent. 
Heung imeem —ICent oa ne Sonim) os 

The solution of the alcohol soluble copper salt was evaporated to 

dryness and left a residue of I-prolin copper salt which, dried at 120°, 

weighed 71.62 gm. which is equal to 56.51 gm. of free l-a-prolin. 

Copper, 0.2850 gm. subst., dried at 110°, gave 0.0760 gm. CuO. 

Calculated for Cjo>H,,O,NeCu = Cu 21.79 per cent. 

ROUGE tiene er O em aot Frets 

1 WILLSTAETER, R.: Berichte der deutschen chemischen Gesellschaft, 1900, 
xxxili, p. 1160; FISCHER, EmIL: /é#d., 1901, xxxiv, p. 458. 
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One-half of this prolin copper salt was freed from copper, and the 

prolin racemized by heating with 150 c.c. of water containing 80 gm. 

of crystallized barium hydroxide for five hours at 150°. The barium 

was removed quantitatively with sulphuric acid, the solution concen- 

trated, and the prolin again converted into the copper salt. uber 

was thus obtained 20.1 gm. of very nearly pure racemic a-prolin 

copper. 

Water, 0.3356 gm. subst., air dry, lost 0.0369 gm. H,O at 110°. 

Copper, 0.2640 gm. subst., gave 0.0640 gm. CuO. 

Calculated for C,)H,0,N.Cu - 2 H,O = H,O 11.00; Cu 19.40 per cent. 

Round. «... «<9 ©. * = (-s == HOG 1.co piCnyio-7 haan 

The total crystalline racemic copper salt was equal to 41.96 gm. of 

r-a-prolin. 

From the other half of 1-prolin copper salt the free prolin was re- 

generated and recrystallized from alcohol. A small part only was 

obtained in a crystalline condition which melted at 205-206. 

Carbon and hydrogen, 0.2729 gm. subst., dried over H,SO,. gave 0.5195 gm. 

CO, and 0.1977 gm. H20. 

Nitrogen, 0.2453 gm. subst., gave NH, = 2.95 c.c. HCl (1 c.c. HCl = 0.01 

gm. N), 

Calculated for C;HyO.N = C 52.12; H 7.90; N 12.20 per cent. 

Found: & = 9s =1@sri9s js HSi0g) Nvazies ee 

From fraction III there were isolated 4.57 gm. alanine, 33.06 gm. 

leucine, and 70.49 gm. a-prolin, including in this last that from frac- 

tion II which was not weighed separately. 

Fraction. Temp. of bath to Pressure. Weight. 

IV, A 160° o.8 mm. 39.96 gm. 

B 200° O:on 33:COlne 

AE of oo o eo a ages. 

This was treated with water and shaken out with ether according 

to the procedure described by Emil Fischer.' 

The ether was carelully removed by evaporation and the residual 

phenylalanine ester saponified by dissolving in concentrated hy- 

drochloric acid, and evaporating on a water bath. The phenylalanine 

hydrochloride weighed 29.14 gm., equivalent to 23.87 gm. of free 

1 Fiscuer, E.: Zeitschrift fiir physiologische Chemie, 1902, XXXVI, Pp. 274. 
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phenylalanine. The phenylalanine hydrochloride was recrystallized 

from strong hydrochloric acid. It was decomposed by evaporating 

with an excess of ammonia and the phenylalanine recrystallized from 

water. It melted, on slow heating, at 263°-265°.! 

Carbon and hydrogen, 0.3051 gm. subst., dried at 110°, gave 0.7322 gm. CO, 

and 0.1792 gm. H,0O. 

Witrogen, 0.3020 gm. subst. gave NH; = 2.53 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C)Hj,0,N = C 65.40; H 6.73; N 8.50 per cent. 

Pound . - .'. =C 65.44; H6.53; N3838 “ “ 

The aqueous layer was heated with an excess of barium hydroxide 

on a water bath for five hours. After standing sometime the barium 

salt that had separated was filtered out and decomposed by an equiv- 

alent amount of sulphuric acid. The solution on concentration 

yielded 5.76 gm. of aspartic acid. 

Carbon and hydrogen, 0.3866 gm. subst., dried at 110°, gave 0.5109 gm. COs 

and 0.1852 gm. HO. 

Nitrogen, 0.3637 gm. subst. gave NH; = 3.78 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,H;0,N = C 36.09; H 5.26; N 10.53 per cent. 
Boaudts. 2 1 os = O.g604 5 EE sea.) Ni te.39.  « * 

The filtrate from the barium aspartate was freed from barium, con- 

centrated to small volume and saturated with hydrochloric acid. On 

prolonged standing a trace of phenylalanine hydrochloride separated, 

but no glutaminic acid hydrochloride was obtained. After removing 

the hydrochloric acid with silver sulphate and the sulphuric acid with 

barium hydroxide, the solution was boiled with an excess of copper 

hydroxide, but no copper salt could be separated from it, even after 

concentrating to a very small volume. The copper was then removed 

and the solution treated with bone black and, when concentrated in 

vacuo over sulphuric acid, gave crystals, which, on fractional crystal- 

lization from water, gave 0.42 gm. of serine, which, in an open capil- 

lary, browned at about 218° and decomposed to a brownish mass at 

about 240.° 

1 FISCHER, EMIL, and ABDERHALDEN;: Zeitschrift fiir physiologische Chemie, 
1902, xxxvi, p. 268; ERLENMEYER and Lipp: Annalen der Chemie, 1883, cexix, 

p. 197. 
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Carbon and hydrogen, 0.2577 gm. subst. dried at 1 10°, gave 0.3224 gm. COz 

and 0.1602 gm. H,O. 

Calculated for C;H;O,;N = C 34.24; H 6.73 per cent. 

Found «0 4. ,e=Cagarari6.on o8 gs 

In the filtrate from the serine there was obtained about 5.32 gm. of 

crystalline substance from which nothing definite could be isolated. 

DISTILLATION RESIDUE. 

The residues from distillations A and B were dissolved in boiling 

alcohol and the solutions united. On cooling, 5.76 gm. of long hair- 

like crystals separated. 

The filtrate from this substance was freed from alcohol and saponi- 

fied by heating with 200 gm. of crystallized barium hydroxide; the 

barium removed, the solution concentrated under reduced pressure 

to small volume, saturated with hydrochloric acid, and, after standing 

on ice for some time, yielded 74.21 gm. glutaminic acid hydrochloride, 

equal to 59.46 gm." 

The glutaminic acid hydrochloride melted at about 198° with 

effervescence. 

Carbon and hydrogen, 0.4028 gm, subst., dried over H.SO,, gave 0.4802 gm. 

€O, and 0.2056 gm. H,0. : 

Calculated for C;H,yO,NCl = C. 32.67; H 5.50 per cent. 

Found) «28. ole = (Grez.ca nO ies 

Specific rotation. — Dissolved in 20 per cent hydrochloric :acid. 

20° 

D (a) = + 31-47°. 

Fischer and Dorpinghaus found + 31.91° for a preparation from 

horn, + 30.45° from gelatin, and + 28.20° for one from casein.” 

The residue which remained after removing the esters with ether 

from the original solution of the products of hydrolysis was treated in 

the way described by Emil Fischer,’ for the isolation of oxy-prolin. 

The only substance, however, that could be isolated was serine, of 

1 ABDERHALDEN and WELLS: Zeitschrift fiir physiologische Chemie, 1905, xlvi, 

p- 31. 

2 Cf. Fiscuer, Emit, and DORPINGHAUS: Zeitschrift fiir physiologische 

Chemie, 1902, xxxvi, p. 475. 

8 FiscHEeR, Emit: Bericht der deutschen chemischen Gesellschaft, 1902, xxxv, 

p. 2660. 

EO ———————— 

ee Se eee 
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which 0.87 gm. was obtained which browned at about 219° and 

decomposed at about 240°. 

Carbon and hydrogen, 0.2987 gm. subst., dried at 110°, gave 0.3743 gm. CO, 

and 0.1844 gm. H,O. 

Calculated for C,;H;,0;N = C 34.24; H 6.73 per cent. 

Gunde. eee Chaa.td | riG-S5en 

In the filtrate from this serine #-naphtalene-sulphone chloride 

failed to give any definite product. 

We thus isolated, in the two distillations, from fraction I, 6.68 gm., 

from fraction II, 8.59 gm., and from fraction III, 4.57 gm. of alanine, 

or 19.84 gm. inall; from fraction II, 2.1 gm. of amino-valerianic acid ; 
from fraction I, 0.86 gm., from fraction II, 22.10 gm., from fraction 

III, 33.06 gm. of leucine, —in all 56.02 gm.; from fractions IT and III, 

70.49 gm. of prolin; from fraction IV, 23.47 gm. of phenylalanine, 

5.76 gm. of aspartic acid, and 0.42 gm. of serine, and from the residue 

which remained after extracting the esters, 0.87 gm. of serine, or 1.29 

gm. in all. From the main solution of the total products of hydroly- 
sis we obtained 300 gm. of glutaminic acid, and from the residues 

after distilling the esters 59.5 gm., or in all 359.5 gm. 

As the amount of prolin which we found in this hydrolysis was so 
great, we have undertaken to confirm our result by a second hydroly- 

sis, and have also made another effort to obtain glvcocoll, which, if 

present in very small amount, might have escaped detection. 

For this purpose we hydrolyzed 500 gm. of gliadin, air dry, equal 
to 439.6 gm. dried at 110°, in the same way as in the preceding hy- 

drolysis. After esterifying and shaking out the esters three times, as 
before, the ether was removed by distillation at 760 mm. and the 

esters distilled. 

Temp. of bath 
Fraction. up to Pressure. Weight. 

I 95° 17.00 mm. 20.20 gm. 

II 80° 5.00, f 46.08 “ 

{A 110° 2.00 “ {44.14 gm. 
Ill ; 59.04 “ 

LB Tr 10° o88 , Uxe.zo, 59:84 
IV 180° 0.88 “ 54.70“ 

V 200° Ove, of 29.69 ‘“ 

IGtae et en TOTS TS 

Fraction I was immediately evaporated on the water bath with 

hydrochloric acid, the residue dissolved in alcohol, and the solution 
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saturated with dry hydrochloric acid gas. The solution was concen- 

trated to a small volume at a low temperature under a pressure of 

10 mm., the residue taken up in alcohol, its solution cooled to o°, and 

saturated with hydrochloric acid gas. On prolonged standing 0.22 

em. of glycocoll ester hydrochloride separated, which melted at 144°—- 

145°. When mixed with pure elycocoll ester hydrochloride, the 

melting-point was unchanged. 

Chlorine, 0.1058 gm. subst. gave 0.1063 gm. AgCl = Cl 24.86 per cent. 

Calculated for C,H,yO.2NCl = Cl 25.40 per cent. 

Neither fraction II nor the ether distilled from the esters gave evi- 

dence of glycocoll. 

This preparation of gliadin did, in fact, contain a very small 

amount of glycocoll, which is possibly due to a slight contamination 

with glutenin, in which we have since found a notable quantity of this 

amino-acid. 

Fraction II was saponified, and the solution evaporated, under 

highly reduced pressure from a bath at 40°, and the residue extracted 

with alcohol, in which about 18 gm. dissolved. 

’ Fraction III, by similar treatment, yielded 24 gm. of alcohol soluble 

substance. The alcoholic solutions were united and evaporated to 

dryness from a bath at 40°. The crystalline residue, when dried to 

constant weight in vacuo, weighed 39.59 gm. From this, by extrac- 

tion with alcohol, 8.7 gm. of substance insoluble therein were 

separated. 

We expect to return to the further examination of this prolin, but 

for the present we have accepted the weight of the substance soluble 

in alcohol as a measure of its amount.! 

CYSTINE. 

Three hundred grams of gliadin were digested for two to three 

hours at 85° with 900 c.c. of hydrochloric acid, sp. gr. 1.19, and the 

solution boiled for three hours. This was then concentrated to a 

syrup under diminished pressure, diluted to 900 c.c. with cold water 

and neutralized with 50 per cent sodium hydroxide solution, After 

1 Emit FISCHER employs this method for estimating the proportion of prolin 

in proteins, but states that the result obtained is too high (Berichte der deutschen 

chemischen Gesellschaft, 1906, xxxix, p- 530): 
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boiling with a large amount of bone black and concentrating to 800 

c.c., much substance separated which was recrystallized from about 

300 c.c. of water. The recrystallized product was dissolved in five per 

cent sulphuric acid and precipitated by mercuric sulphate solution. ! 

The mercury precipitate was decomposed by hydrogen sulphide, 

the solution freed from hydrogen sulphide, neutralized with sodium 

hydroxide and acidified with acetic acid. On standing, cystine sepa- 

rated from the solution in hexagonal plates, and by adding alcohol to 

the filtrate more was obtained. When no more cystine could be thus 
obtained, the precipitation with mercuric sulphate was repeated. By 

several repetitions of this process 1.18 gm. of cystine were finally 

isolated, which, when recrystallized by dissolving in dilute ammonia 
and acidifying with acetic acid, gave the following analysis: 

Carbon and hydrogen, 0.3063 gm. subst., dried at 110°, gave 0.3379 gm. 

CO, and 0.1444 gm. H,O. 

Calculated for C,H,20,N,S, = C 29.96 ; H 5.04 per cent. 

HOUIMCMee seme — (CC OlOSrekni5.2g moneys 

TYROSINE. 

Two hundred and nineteen grams of gliadin, equal to 200 gm. 

dried at 110°, were treated with 600 c.c. of concentrated hydrochloric 

acid, digested for some time on a water bath and the solution boiled 

for twelve hours on an oil bath. The solution was freed from most 
of the glutaminic acid by saturating with hydrochloric acid, and the 

filtrate from the glutaminic acid was diluted, boiled with bone black, 

and then concentrated strongly to remove as much hydrochloric acid 

as possible. The rest of the acid was neutralized with 50 per cent 

sodium hydroxide solution. On standing, a considerable precipitate 

separated, which was filtered out and dissolved in ammonia. The 

resulting solution was boiled until most of the ammonia had been 

removed and the tyrosine that separated was filtered out. When 

dried, this weighed 2.4 gm., equal to 1.2 per cent of the gliadin. 

Recrystallized from boiling water, this gave the following results on 

analysis: 

Carbon and hydrogen, 0.3661 gm. subst., dried at 110°, gave 0.7981 gm. 

CO, and 0.2160 gm. H,O. 

Calculated for CjH,,O;N = C 59.62; H 6.13 per cent. 

POUNC t esrnene U— 1G 5 OVab e JELe Ose GG y 

1 Cf. Hopkins and Cote: Journal of physiology, 1gor, xxvii, p. 418. 
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Tyrosine separated from our hydrolysis solutions of gliadin with 

very great difficulty. Two other attempts to determine its proportion, 

which were made by hydrolyzing with sulphuric acid, gave lower 

results, and the solutions from which the tyrosine separated still con- 

tinued to give a strong Millon’s reaction. Kutscher! found 2.09 per 

cent of tyrosine in gliadin, and Abderhalden and Samuely ? found 2.37 

per cent. We consider our result to be too low, and expect to have 

an opportunity to return to this determination at an early date. 

ARGININE AND HISTIDINE. 

Fifty grams of gliadin, equal to 43.97 gm., dried at 110°, were 

hydrolyzed according to the directions of Kossel and Kutscher,’ and 

the determination of the bases carried out according to the method of 

Kossel and Patten.* 

The solution of the histidine was made up to 500 C.C., and nitrogen 

determined in 100 c.c. of it. 

roo c.c. of solution gave ammonia = 1.37 C.C. HCl (1 c.c. HCl = 0.01 

gm. N.) = 0.0137 gm. N. = 0.0685 gm. N. in 500 c.c. = 0.2524 

gm. histidine = 0.58 per cent of the gliadin. 

The identity of this histidine was not established, as the quantity 

was too small to permit the preparation of a satisfactory product. 

The arginine solution was made up to 500 CC. and nitrogen 

determined in 50 c.c. of it. 

50 c.c. of solution gave ammonia = 4.15 c.c. HCl (1 ¢.c. HCl = 0.01 gm. N.) 

= 0.0415 gm. N. or 0.415 gm. in 500 C.c. = 1.39 gm. arginine, or 3.16 

per cent of the gliadin. 

The remaining solution was treated as Kossel and Kutscher direct, 

and the arginine obtained as carbonate. A portion of this carbonate 

was converted into the picrolonate according to the directions of 

Steudel.® This melted at 226°-227°, while Steudel gives PIS 

1 KuTSCHER: Zeitschrift fiir physiologische Chemie, 1993, Xxxvill, p- IIT. 

2 ABDERHALDEN and SAMUELY : Jdéd., 1905, xliv, P 276. 

8 KosseL and Kurscuer: Zeitschrift fiir physiologische Chemie, 1900, Xxxi, 

p. 165. 

4 Kosset and Patren: /bid., 1903, XXxvill, p- 39- 

6 SrEUDEL: Zeitschrift fiir physiologische Chemie, 1902, Xxxvii, p. 219. 
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Nitrogen, 0.0832 gm. subst., dried at 110°, gave 18.8 c.c. moist N at 765 

mim. and 25°. 

Calculated for CsH,,0O,Ny * CioH30;N, = 

Found 

25.62 per cent. 
25-40 oe “ee 

The filtrate from the silver precipitate of arginine and histidine was 

freed from silver, precipitated with phosphotungstic acid and lysine 

tested for with picric acid in the usual way, but none was found. 

Kosse] and Kutscher ! found, in the three fractions of the alcohol- 

soluble protein of the wheat kernel which they examined, 1.2, 0.43, 

and 1.53 per cent of histidine. Our determination falls between these. 

Kutscher,? in discussing the individuality of these three fractions, con- 

siders the differences in the amount of histidine found in them to be 

within the limits of accuracy of these determinations. 

Kossel and Kutscher ® found 3.05 per cent of arginine in the fraction 

which they called gluten fibrin, 2.75 per cent in their gliadin, and 3.13 

per cent in their mucedin. In determining the amount of protein 

hydrolyzed they calculated the weight from the nitrogen in solution. 

If, as we believe, only one alcohol-soluble protein exists in this seed,! 

namely, gliadin, with 17.5 per cent of nitrogen, and that the nitrogen 

of their solutions belonged to this protein, the proportion of arginine 

found by them would be, respectively, 3.13, 2.79, and 3.25 per cent, 

with which our determination of 3.16 per cent agrees very closely. 

HYDROLYSIS OF GLUTENIN. 

Nine hundred and forty grams, equal to 839.32 gm. of glutenin, ash, 

and water, free, were hydrolyzed by heating for several hours on a 

water bath with a mixture of 950 c.c. concentrated HCl and 950 c.c. 

water. After standing over night, the solution was boiled on an oil 

bath for nine hours, and then saturated with hydrochloric acid gas. 

By the same treatment as that applied to gliadin (page 234) 202.73 

gm. glutaminic acid hydrochloride, equal to 162.40 gm. of the free 

acid, were obtained. Recrystallized once from concentrated hydro- 

chloric acid, this melted at 198°. 

1 KossEL and KutscHer: Zeitschrift fiir physiologische Chemie, 1900, xxxi, 

p. 165. 
2? Kutscuer: /did., 1903, Xxxviii, p. III. 

8 KosseL and KuTscHer: Loc. ci¢. 

4 Cf Osporne and Harris: This journal, 1905, xiii, p. 35. 
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Chlorine, 0.5386 gm. subst., gave 0.4211 gm. AgCl. 

Nitrogen, 0.5911 gm. subst., gave NH, = 4.53 c.c. HCl (1 c.c. HCl = 0.0% 

gm. N). 

Calculated for C;H,O,NCI = Cl 19.35; N 7-65 per cent. 

Round 9). cf = a= Climo-aGi5, NI 7-0 0M iam 

The united filtrates and washings were concentrated to a syrup on 

a water bath under reduced pressure, and the hydrochlorides of the 

amino-acids esterified three times, as in the case of gliadin. The 

hydrochlorides of the esters were neutralized and the free esters 

shaken out with ether, as in gliadin. After drying the ether solution 

of the esters with potassium carbonate, it was kept two days over 

anhydrous sodium sulphate. The ether was then removed by distil- 

lation from a water bath at atmospheric pressure, and the esters 

distilled with the following results: 

DISTILLATION A. 

Fraction. Temp: of bath Pressure. Weight. 
up to 

I 65° 12.0 mm. 61.00 gm. 

Il 100° T2"O) oe A3sy Ae ce 

(a 100° Tike) 45:04 
I A ” 

Cb 110 tiny 33-01 

IV 155 vigils) S Agug2) 7 

Vv 200° open 3255 Ole 

Total'2 ay ete Gee 25 Ose 

The undistilled residue weighed 211.5 gm. 

The residue from which the esters had been removed by ether 

was subjected to two more esterifications, as in the case of gliadin, 

and the esters distilled. 

DISTILLATION Bb. 

Fraction. ar ee bath Pressure. Weight. 

I 65° 12.0 mm. 28.74 gm. 

II 88° 12.0 “ 24.27 © 

wis? 100° TOO) Tuas 

tb 120° a.8) “ 2352/3) 

IV 180° Coys} 23.92 “ 

Total’ xem se ee re ee OG A ad 

The undistilled residue weighed 93 gm. 
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The different fractions from the two distillations were worked up 

as follows: 

Fraction. a Ae Pressure. Weight. 

I (A 65° 12 mm. 61.00 gm. 

(B 65° 12 *€ 28.74 “« 

This was saponified at once by evaporating to a syrup with 

concentrated hydrochloric acid and the residue dissolved in alcohol 

and esterified with dry hydrochloric acid gas. The glycocoll ester 

hydrochloride which separated weighed 6.68 gm. Recrystallized from 

alcohol, this melted at 144°. 

Carbon and Hydrogen, 0.3179 gm. subst., gave 0.3984 gm. CO, and 

0.2151 gm. H.O. 

Calculated for C,H,,O,NCI = C 34.39; H 7.23 per cent. 

[ewe 3) ie ye SSS Geer pial yn = G: 

The filtrate from the glycocoll ester hydrochloride was saponified 

by evaporating on the water bath with hydrochloric acid, the latter 
removed with silver sulphate, and the solution freed from sulphuric 

acid with an equivalent quantity of barium hydroxide. By fractional 

crystallization this solution yielded 11.83 gm. of alanine which melted 
at about 290°. 

Carbon and hydrogen, 0.2701 gm. subst., dried at 110°, gave o.4oo1 

gm. CO, and 0.1946 gm. H.O. 

LVitrogen, 0.3460 gm. subst., dried at r1ro%, gave NH; = 5.44 c.c. HCl 

(rec: Hel = oor em. N)- 

Calculated for C;H;O,N = C 40.40; H 7.93; N 15.75 per cent. 

BOUnGENE cist 3) —= iG 4GAO)s i O.0nly IN mbagareray ai 

By Temp. of bath “1 lei Fraction. up to Pressure. Weight. 

nf i A 100° 12 mm. 43-74 gm. 

CB 88° Tan aS BAvag .* 

The united esters were saponified by boiling with ten parts of 

water for five hours, when their solution reacted neutral to litmus. 

This solution was evaporated to dryness under reduced pressure and 

boiled up with absolute alcohol, whereby 0.5 gm. substance was 

dissolved. By repeated fractional crystallization of the substance 
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insoluble in alcohol, 3.5 gm. leucine were obtained. The isolated 

leucine decomposed at about 298°. 

Carbon and hydrogen, 0.2408 gm. subst., dried at 110°, gave 0.4852 gm. 

CO. and 0.2169 gm. HO. 

Calculated for C;H,,;0.N = C 54.89 ; H ro.o1 per cent. 

Olin eon ee 2 oy =O 4055 OO 

After adding to the filtrate from this leucine, the most soluble por- 

tion of fraction III, and further fractioning, 25.76 gm. of alanine and 

3.84 gm. of glycocoll were obtained. The latter was isolated as the 

hydrochloride of the ester, which melted at 144°. The alanine was 

racemized and the a-naphtyl-hydantoic acid prepared according to the 

directions of Neuberg and Manasse.' When recrystallized from dilute 

alcohol, this melted at 197°. 

Carbon and Hydrogen, 0.2527 gm. subst., dried at 90°, gave 0.5998 gm. 

CO, and 0.1280 gm. H,0. 

Nitrogen, 0.3515 gm. subst., dried at 90°, gave NH; = 3.74 ©.¢. of HCl 

(1 c.c. HCl = 0.01 gm. N). 

Calculated for C,,H,,O;N. = C 65.06 ; H 5.48; N 10.87 per cent. 

Found) 5. eae a. = ClOana sii Ones IN) rov6 See 

Fraction. Temp. of bath Pressure. Weight. 
up to 

ut! A I 10° 1.5 mm. 78.95 gm. 

(B 120° sis) | AZ AT 

These esters were saponified by boiling with six parts of water for 

five hours, when their solution reacted neutral to litmus. After 

evaporating to dryness under reduced pressure, the dried residue was 

extracted with boiling absolute alcohol. The part insoluble in alco- 

hol, by a systematic fractional crystallization, gave 32.42 gm. of leu- 

cine which decomposed at about 298°. 

Carbon and hydrogen, 0.4255 gm. subst., dried at 110°, gave> 0.8535 gm. 

CO, and 0.3926 gm. H,0. : 

Nitrogen, 0.1488 gm. subst., gave NH, = 1.60 c.c. HCl. ( 1 cc. HGie= 

o.or gm. N). 

Calculated for C;H,;;02N = C 54-89; H 10.01; N 10.70 per cent. 

BOuUDG! , =) Kae = C 54.71; H 10.25; N 10.77 Bay PO 

1 NEUBERG and MANASSE: Berichte der deutschen chemischen Gesellschaft, 

1905, XXxviil, p. 2359- 

SN EEE 
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The filtrate from this leucine yielded 2 gm. of substance which 

had the composition and properties of amino-valerianic acid. 

Carbon and hydrogen, 0.2216 gm. subst., gave 0.4144 gm. CO, and 0.1967 

gm. H,O. 

Calculated for C;H,,O.N = C 51.22; H 9.48 per cent. 

BOURGM prs i em —1e oi COs agro.) = 5° 

Specific rotation. — Dissolved in 20 per cent hydrochloric acid, 

. 20° ° 
Se Eat 6 as (a) D + 25-63 

A similar preparation from gliadin gave +25.79. E. Fischer and 

D6rpinghaus! found +25.9° for a preparation from horn, and E. 

Schulze and Winterstein2 found +28.2° and +27.9° for a prepara- 

tion from lupine seedlings. 
The solution used for determining the specific rotation was freed 

from hydrochloric acid with silver sulphate, and the amino-acids race- 

mized by heating with an excess of barium hydroxide in an autoclave 

at 175° for nineteen hours. After removing the barium quantitatively 

with sulphuric acid, the substance was coupled with a-naphtyliso- 

cyanate. The hydantoic acid melted constantly on repeated recrystal- 

lization from dilute alcohol at 183°-184°. Heated side by side with 

the corresponding substance obtained from gliadin, the hydantoic 

acid from glutenin melted 2° higher. 

Carbon and hydrogen, 0.3277 gm. subst., dried at 80°, gave 0.8067 gm. CO, 

and 0.1891 gm. H,0. : 

Calculated for C,;,H,;,0;N. = C 67.07; H 6.35 per cent. 

OUNCE phen eno) beh © Orem ayett ENGsarzs Gr 

From the filtrate from the amino-valerianic acid there was further 

obtained 1.41 gm. of alanine. The alcoholic solution which contained 

the prolin was evaporated to dryness under reduced pressure and the 

dried residue again treated with boiling absolute alcohol. Even after 

several repetitions of this process no substance insoluble in alco- 

hol could be obtained. The alcohol soluble substance, when dried, 

weighed 35.54 gm. A copper salt was prepared from this in the usual 

1 Fiscuer, E., and D6rPINGHAUS: Zeitschrift fiir physiologische Chemie, 

1902, xxxvi, p. 462. 

2 ScHULZE, E., and WINTERSTEIN: /éid., 1902, XXXV, P- 300. 
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manner, and its solution evaporated to dryness under reduced pressure. 

The dried residue was extracted with boiling absolute alcohol in order 

to remove the l-prolin copper. The residue insoluble in alcohol, 

when recrystallized from water, gave 15.53 $m. of racemic prolin cop- 

per, equivalent to 10.9 gm. of prolin. 

Water, 0.3618 gm. subst., lost at 110° 0.0399 sm. of H,O. 

Copper, 0.3176 gm. subst., dried at 110°, gave 0.0856 gm. CuO. 

Calculated for CyyH,,O,N2Cu + 2 H,O = H,O 11.00 per cent. 

Rue as ke Se et OneCare 

Calculated for Cy)H,O,N2Cu = Cu 21.79 per cent. 

mul oe Gg o of reimucyiete 

The alcoholic solution of the I-prolin copper salt was evaporated to 

dryness, the copper removed, and the prolin identified as the phenyl- 

hydantoin which was prepared according to the directions of Fischer.t 

The substance thus prepared was at once pure and melted at 143°. 

Carbon and hydrogen, 0.2822 gm. subst., dried in vacuum over H,SO,, gave 

0.6866 gm. COs, and 0.1494 gm. H,O. 

gave NH; = 1.33 €.C. HCl (1 c.c. HCl = 0.01 
Nitrogen, 0.1025 gm. subst., 

gm. N). 

Calculated for C,,H,20.Ns = C 66.60; H 5.61; N 12.99 per cent. 

Found. . . . . =C€ 66.36; H 5.88; N 12.98 Sis 

Fraction. Temp. of bath up to Pressure. Weight. 

IV, A ms 5 a 1.5 mm. 43-32 gm. 

This fraction was shaken out with ether in the usual way and the 

ether allowed to evaporate spontaneously. No evidence of the pres- 

ence of phenylalanine was obtained. The residue of ester was sa- 

ponified with concentrated hydrochloric acid and the hydrochloride 

decomposed with ammonia. The free acid crystallized in the charac- 

teristic form of leucine and decomposed at 298°. There were obtained 

13.99 gm. of leucine. 

Carbon and hydrogen, 0.2906 gm. subst., dried at 110°, gave 0.5825 gm. COs 

and 0.2690 gm. H,O. 

Calculated for C,5H:302N = C 54.89 ; H 10.01 per cent. 

Round. 2». 2 6. ==CicarOypebieno: 267 a: Be 

The aqueous layer was saponified by heating on a water bath with 

an excess of barium hydroxide for five hours. The barium aspartate, 

1 Fiscner, E.: Zeitschrift fiir physiologische Chemie, 1901, Xxxiii, p- 151. 
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which separated in considerable quantity on standing, was united with 

that obtained from fraction V and treated as will be described later. 

From the filtrate from the barium aspartate no definite substance 

could be obtained. It appeared to contain serine, but none could be 

isolated, even by the use of 8 naphtalene-sulphone-chloride. 

Fraction. Temp. of bath up to Pressure. Weight. 

VA 200° o.8 mm. 32.56 gm. 

IV, B 180° 0.8, Deepa OM 

These esters were shaken out with ether, and the substance ex- 

tracted was saponified with hydrochloric acid. The hydrochloride 

thus obtained, which weighed 20.21 gm., equal to 16.55 gm. free 

phenylalanine, was converted into the free acid with ammonia and 

then into the copper salt by boiling its solution with copper hydroxide.' 

Copper, 0.2099 gm. subst., dried at 110°, gave 0.0425 gm. CuO. 

Nitrogen, 0.2283 gm. subst., gave NH; = 1.63 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,sH2.90,NeCu = Cu 16.23 ; N 7.17 per cent. 

Hgnoden cate embee. —sOUrrO.TGr IN Font Cok ACE 

The free phenylalanine, isolated from this copper salt, melted at 

263°-265°. 

LVitrogen, 0.1085 gm. subst., gave NH; = 0.92 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C;H,,O.N = N 8.50 per cent. 

Batndenes os cs he) A= JING ess | SS 

The aqueous layer was saponified by heating for five hours with an 
excess of barium hydroxide on the water bath. The barium aspartate, 

which separated on standing, was united with that previously obtained 

from fraction IV A, decomposed with an equivalent amount of sul- 

phuric acid, and 7.12 gm. of free aspartic acid was obtained from the 

solution. 

Carbon and hydrogen, 0.3293 gm. subst., dried at 110°, gave 0.4335 gm. CO, 

and 0.1625 gm. H,O. 
Nitrogen, 0.2997 gm. subst., gave NH; = 3.17 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,H;,0,N = C 36.05; H 5.313; N 10.55 per cent. 

Pound). (ae 1.46.90) Hh ses Neroghe 

1 Cf. SCHULZE and WINTERSTEIN: Zeitschrift ftir physiologische Chemie, 

1902, XXXv, Pp. 210. 
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The filtrate from barium aspartate was freed from barium, concen- 

trated under reduced pressure, and saturated with hydrochloric acid. 

On long standing on ice a trace of phenylalanine hydrochloride sepa- 

rated, but no glutaminic acid hydrochloride could be obtained. After 

removing the hydrochloride acid with silver sulphate, the solution was 

boiled with a solution of copper hydroxide and 1.1 gm. of copper as- 

partate was isolated. 

Copper, 0.3991 gm. subst., air dried, gave 0.1163 gm. CuO. 

Nitrogen, 0.2066 gm. subst. gave NH, = 1.06 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,H,O,NCu 4} HO! = Cu 23.06; N 5-09 per cent. 

insnaGhie Gd oo Gace a = Ci ae gaN Gate Sg 

The filtrate from this copper aspartate, when freed from copper by 

hydrogen sulphide and concentrated to small volume, yielded, by frac- 

tional crystallization, 4.35 gm. of nearly pure serine. 

Carbon and hydrogen, 0.2847 gm. subst., gave 0-3559 8m. CO, and 0.1751 

om. H,0. 

Calculated for C;H;O;N = C 34-29; H 6.67 per cent. 

aaGl 6 tah SRO ayikeopn eh seigy 

This substance browned at about 213° and decomposed to a brown- 

ish mass at about 243°. 

RESIDUE FROM DISTILLATION. 

The residues which remained after distilling off the esters weighed 

304.5 gm. These were dissolved in hot alcohol, and from their united 

solutions 3.16 gm. of substance separated on cooling. The filtrate 

from this substance was evaporated under reduced pressure, the resi- 

due dissolved in water and saponified by heating with an excess of 

barium hydroxide for nine hours. After removing the barium quan- 

titatively, the solution was concentrated and saturated with hydro- 

chloric acid. On standing for some time on ice, 38.25 gm. of 

glutaminic acid hydrochloride, which melted at 198°, were obtained. 

This was equivalent to 30.64 gm. of free glutaminic acid, and, with 

that previously isolated, makes a total of 193.04 gm., or 23.0 per cent 

of the glutenin. The glutaminic acid hydrochloride was decomposed 

with an equivalent quantity of potassium hydroxide, and the free 

1 RITTHAUSEN: Die Eiweisskoerper, etc., Borin, 1872, p- 219. 
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glutaminic acid was recrystallized from water. It melted at 202°-203° 
with effervescence. 

Carbon and hydrogen, 0.3504 gm. subst., dried at 110°, gave 0.5275 gm. CO, 

and 0.2003 gm. H,O. 

Calculated for C;H,O,N = C 40.82; H 6.12 per cent. 

Found *. . . . =C 41.06; H Gace say. t 

RESIDUE AFTER ESTERIFICATION. 

The residue which remained after the third esterification and ex- 

traction of the esters was treated in the same way as the correspond- 

ing residue from gliadin (page 242), and the solution, freed from all 

mineral salts and bases precipitable by phosphotungstic acid, was con- 

centrated under reduced pressure to a small volume and then left for 

some time over sulphuric acid. After removing a little tyrosine that 

first separated, 1.87 gm. of serine crystallized out, which, when re- 

crystallized from water, browned at about 210° and decomposed at 
240°. 

Carbon and hydrogen, 0.2308 gm. subst., dried at 110°, gave 0.2894 gm. CO» 
and 0.1407 gm. H,O. 

Calculated for C;H;O;N = C 34.29 ; H 6.67 per cent. 

Found = Gea TON lk sGe 77 fo) KC 

This, with the serine obtained from fraction V, gives a total of 

6.22 gm. of serine isolated. The mother liquor from the serine con- 

tained considerable substance, but no oxyprolin or other definite sub- 

stance could be obtained from it. 

CYSTINE. 

Three hundred grams of glutenin were hydrolyzed in the way de- 

scribed for gliadin (page 244). After evaporating at low pressure toa 

syrup, neutralizing the remaining excess of acid with sodium hydroxide 

and decolorizing the solution with bone black, a considerable quantity 

of tyrosine separated out, which, on examination, was found to con- 

tain nearly all the cystine that could be detected in the solution. It 

was therefore dissolved in five per cent sulphuric acid and the cystine 

precipitated with mercuric sulphate. The mercury precipitate was 

decomposed with hydrogen sulphide, the solution concentrated some- 

what, made alkaline with ammonia and then acid with acetic acid, and 

an equal volume of alcohol added. The cystine, which separated on 
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standing in characteristic hexagonal plates, weighed only 0.17 gm. 

No more could be obtained. This was dissolved in ammonia and 

reprecipitated by acetic acid. 

Sulphur, 0.0897 gm. subst., dried at rro°, gave 0.1730 gm. BaSO, 

Calculated for C,H,,O,NoS. = S 26.68 per cent. 

RoUnGM etvelc yeh pe ONZO-5 Sah ee 

Although glutenin contains about the same amount of sulphur as 

gliadin, the amount of cystine obtained from the latter under similar 

conditions was very much greater. It would seem as if glutenin in 

fact yields less cystine, though the uncertainties attending the isola- 

tion of this substance will not permit of a positive conclusion. 

TYROSINE. 

Two hundred and fifty grams of glutenin were boiled with a mixture 

of 750 gm. sulphuric acid and 1500 gm. of water for twelve hours. 

The solution was freed from barium by an equivalent amount of sul- 

phuric acid, and after concentrating to 800 c.c., allowed to stand for 

sometime. A considerable quantity of tyrosine separated, which was 

filtered out, the filtrate boiled with barium carbonate in order to expel 

ammonia, and then concentrated to one-half its original volume. 

After cooling, the residue of barium carbonate and other substances 

which had separated were extracted with hot dilute ammonia and the 

filtered extract concentrated and cooled: On standing, a little more 

tyrosine separated, which was added to that first obtained. No more 

tyrosine could be isolated from the solution of the hydrolytic decom- 

position products. All of the tyrosine which had separated was dis- 

solved in five per cent sulphuric acid, and phosphotungstic acid was 

added to the solution. Only a small precipitate resulted. After re- 

moving the phosphotungstic acid with barium hydroxide, the solution 

was concentrated strongly and allowed to cool. After standing for 

some time 9.62 gm. of tyrosine were obtained, which is equal to 4.25 

per cent of the glutenin. 

Carbon and hydrogen, 0.2922 gm. subst., dried at 110°, gave 0.6370 gm. CO, 

and 0.1634 gm. H,O. 

Calculated for C,H,,O,N = C 59.62; H 6:13 per cent. 

en. 1a, = @ Fons HshOcs 

Kutscher! found 2.75 per cent of tyrosine in “ gluten-casein.” 

1 Kurscuer: Zeitschrift fiir physiologische Chemie, 1903, XXXvi, p- I14- 

lO 
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ARGININE, HISTIDINE, AND LYSINE. 

Fifty grams of glutenin, equal to 43.39 gm., dried at 110°, were 
hydrolyzed, and the arginine and histidine separated in the same way 

as that described for gliadin (page 246). 

The solution containing the histidine was made up to 500 c.c. 

Nitrogen, 100 c.c. solution gave NH; = 4.15 c.c. HCl (1 c.c. HCl = 0.01 

gm. N) =0.0415 gm. N=0.2075 gm. in 500 c.c.= 0.7645 gm. 

histidine = 1.76 per cent. 

The amount of histidine in the remaining solution was too small for 

_ identification. 

The filtrate from the histidine precipitate yielded 500 c.c. of solu- 

tion containing the arginine, in which was found the following amount 

of nitrogen: 

Nitrogen, 50 c.c. solution gave NH; = 6.79 c.c HCl (1 c.c. HCl= 0.01 

gm. N) = 0.0679 gm. N, or 0.679 gm. in 500 C.c., or 2.107 gm. 

arginine = 4.72 per cent. 

The remaining solution, treated as Kossel directs, yielded the argi- 

nine as carbonate. This was converted into the copper salt which 

gave the following results on analysis: 

Carbon and hydrogen, 0.2118 gm. subst., air dried, lost o.ozt0 gm. H,O 

at 100°. 

Calculated for C,,H23N,O,) Cu - 3 H,O = HO 9.15 per cent. 

Bound =.) 2). Z 55 SE IRIOloyep ts Te 

Copper, I, 0.1858 gm. subst., dried at 1oo°, gave 0.0275 gm. CuO. 

II, 0.1808 gm., subst., dried at 100°, gave 0.0267 gm. CuO. 

Calculated for CyzH»sNy)O;9Cu = Cu 11.85 per cent. 

BOUnCGseril i ieee Chil, mre6d oes tine7 SO! per cent: 

Kossel and Kutscher! found in three separate determinations of 
arginine in glutenin, 4.50, 4.02, and 4.54 per cent. They base their 

determinations on the supposition that glutenin contaias 16.2 per 

cent nitrogen. If their results are recalculated to a basis of 17.5 per 

cent of nitrogen in this protein, which one of us has found,? they 
become 4.82, 4.52, and 4.84 per cent, with which our result, 4.72 per 

cent, agrees very closely. 

1 KOssEL and Kurtscuer: Zeitschrift fiir physiologische Chemie, 1900, xxxi, 
p. 165. 

? OsBoRNE and VoorHEES: American chemical journal, 1893, xv, 392. 
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LYSINE. 

The filtrate from the arginine silver was treated as Kossel directs, 

and after precipitating the lysine with phosphotungstic acid it was 

converted into the picrate, and 2.33 gm., equivalent to 0.907 gm. of 

free lysine, were obtained. This is equal to 1.92 per cent of the glu- 

tenin, Kossel and Kutscher? found in the three determinations of 

this substance which they made in this protein 1.9, 2.29, and 2 per 

cent, or, recalculating to a basis of 17-5 per cent of nitrogen in this 

protein, 2.05, 2.15, and 2.40 per cent. 

Nitrogen, 0.1225 gm. subst., dried at 120°, gave 23.1 c.c. moist N at 760mm. . 

and 29°. 

Calculated for C;H,sO2N2 ° C,H;,0,;N; = N 18.70 per cent. 

ound. ees ee ee KG 

Hyprotysis OF LEUCOSIN. 

Owing to the difficulty of preparing large quantities of this protein, 

which occurs in very small quantity in the wheat kernel, we were 

limited in this hydrolysis to 257.8 gm. of water and ash-free leucosin. 

This was hydrolyzed and the glutaminic acid separated as hydro- 

chloride in the way described for gliadin. When dried in vacuo over 

sulphuric acid, 12.39 gm. of the hydrochloride were obtained, which 

melted at 198° with effervescence. 

Nitrogen, 0.5482 gm. subst., gave NH, = 4.17 c.c. HCl (1 c.c. HCl = 6.0% 

gm, N.) 

Chlorine, 0.2528 gm. subst., gave 0.1989 gm. AgCl. 

Calculated for C;H1p>O,NCB= N 7.64; Cl 19-35 Per cent. 

Found’. < 2 «© =N 76x37 Clng-455% t 

The filtrate from the glutaminic acid hydrochloride was concen- 

trated to a syrup under reduced pressure, the residue taken up in 

alcohol and saturated with dry hydrochloric acid gas. The solution 

was then evaporated to a thick syrup under reduced pressure, the 

residue again esterified with glcohol and hydrochloric acid, and the 

solution concentrated as_ before. The esterification was again 

repeated, the final concentration being made at a pressure of 10 mm. 

1 KossEL and KuTscuER: Loc. cit. 
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from a bath the temperature of which did not rise above 40°. The 

free esters of the amino-acids were then liberated from the residue, 

extracted with ether, and dried with potassium carbonate and anhy- 

drous sodium sulphate in the usual way. The aqueous layer was then 
made strongly acid with hydrochloric acid and the salts removed by 

concentration and treatment with alcoholic hydrochloric acid. The 
alcoholic extracts containing the hydrochlorides of the amino-acids 
were evaporated to a thick syrup under reduced pressure and the res- 

idue esterified as above described. The free esters were then liber- 

ated and their ether solution dried as before. After distilling off the 

ether on the water bath, at atmospheric pressure, the residue was 

distilled with the following results: 

Temp. of bath Fraction. up to Pressure. Weight. 

I fitae 12.0 mm. 21.76 gm. 

II 80° TOO 25.86 “ 

Ill w25 CLO 49.60 “ 

IV 200° O38) sise 49-39 * 

Rotalyespecpecan ie) “lAOoue 

Fraction. meee Pressure. Weight. 

I fine 12 mm. 21.76 gm. 

This fraction was saponified directly after collection by evapo- 

rating on the water bath with concentrated hydrochloric acid. The 
residue was esterified with alcohol and hydrochloric acid and allowed 

to stand for several days on ice. The glycocoll ester hydrochloride 
which separated weighed 1.73 gm. and melted at 145°. 

Nitrogen, 0.2851 gm. subst., dried in vacuo, gave NH, = 2.88 c.c. HCl 

(rc.e. ELCIE—= o.on pm, IN): 

Chlorine, 0.2843 gm. subst., dried in vacuo, gave 0.2889 gm. AgCl. 

Calculated for CyH,)O.NCl = N 10.05 ; Cl 25.40 per cent. 

ound yn. ees cel — NO a Glian.ra “oa nc 

In the filtrate from the glycocoll ester hydrochloride the free amino- 
acids were regenerated and subjected to fractional crystallization in 
water and alcohol. There were obtained 3.06 gm. of nearly pure 

alanine. 
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Carbon and hydrogen, 0.3682 gm. subst., gave 0.5460 gm. CO, and 0.2649 

gm. H,0. 

Nitrogen, 0.2508 gm. subst., gave NH; = 3-92 ©-C- HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C;H,O.N = C 40.40; H 7-933 N 15-75 per cent. 

lig) a a an = Ortoeichs H 7.993, N 15-63 © 5 

The alanine decomposed at 290°. 

Fraction. Temp. of bath up to. Pressure. Weight. 

II 80° ro mm. 25.86 gm. 

After saponifying with boiling water the solution of the amino- 

acids was evaporated to dryness under reduced pressure. The dried 

residue, which weighed 18.78 gm., was extracted with boiling alco- 

hol, whereby 1.68 gm. went into solution. From the part insoluble 

in alcohol there were isolated, by fractional crystallization, 5.53 ™. 

of leucine, 5.79 gm., alanine, and 0.47 gm. of substance which had the 

percentage composition of amino-valerianic acid. 

Carbon and hydrogen, 0.2094 Sm. subst., gave 0.3913 gm. CO, and 0.1793 

em. H,O. 

Calculated for C;H1102N = C 51-225 H 9.48 per cent. 

To Boe eae CHING at eS 0 aaa 

From the more soluble part of this fraction glycocoll was isolated 

as the hydrochloride of the ester. This weighed 2.78 gm., equivalent 

to 1.50 gm. of glycocoll, and melted at 144°-145°. 

Fraction. Temp. of bath up to Pressure. Weight. 

Ill 125° o.8 mm. 49.6 gm. 

This was saponified by boiling with ten parts of water for ten 

hours, and the solution evaporated to dryness under reduced pres- 

sure. After extracting the prolin with boiling alcohol the insoluble 

part was fractionally crystallized. There were obtained 23.72 gm. 

of leucine and 2.62 gm. of alanine. 

The isolated leucine decomposed at 298”. 

Carbon and hydrogen, 0.1835 8m. subst., dried at 110°, gave 0.3670 gm. COs 

and 0.1670 gm. H,O. 

Nitrogen, 0.3086 gm. subst., gave NH; = 3-34 ©-¢- HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,H,;,;02N = C 54.89; H 10.01; N 10.70 per cent. 

Hound: .) i ieaeee =C 54.63; H 10.115 IN| LOLS 2 

——E 
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The combined alcoholic solutions from fractions II and III, which 

contained the prolin, were evaporated to dryness under reduced pres- 

sure, and the residue extracted with boiling alcohol, in which 2.3 gm. 

did not dissolve. The solution filtered from this was again evaporated 

to dryness under reduced pressure, the residue dissolved in water, and 

the copper salts prepared by boiling for an hour with an excess of 

copper hydroxide. The deep blue solution was evaporated to dryness 

under reduced pressure, and the residue boiled with absolute alcohol, 

which dissolved the I-prolin copper salt. The residue of racemic 

copper salt, insoluble in alcohol, was dissolved in water and the solu- 

tion concentrated. Of racemic prolin copper 2.41 gm. were obtained, 

equivalent to 1.69 gm. of a-prolin. 

Water, 0.3190 gm. subst., air dried, lost 0.0353 gm. H,O at rro°. 

Copper, 0.2827 gm. subst., dried at rro°, gave 0.0766 gm. CuO. 

Calculated for C,)H,,O,N.Cu : 2 HO = H,O 11.00 per cent. 

ntegieral ag eke ee ee Rowe Cebu s HOR ciple eke RR 

Calculated for Cy)H,;,O,N2Cu = Cu 21.79 per cent. 

HOUU Caen ee eee CURR Oss nes 

The alcoholic solution of the copper salt of the l-prolin was evap- 

orated to dryness under reduced pressure. The dried residue weighed 

8.24 gm., equivalent to 6.5 gm. of I-prolin. 

For identification a small portion was freed from copper with 

hydrogen sulphide, and the free prolin converted into the phenyl- 

hydantoin, according to the directions of Emil Fischer.! 

The hydantoin melted sharply at 143° and gave the following 

analysis: 

Carbon and hydrogen, 0.2334 gm. subst., gave 0.5676 gm. CO, and 0.1204 

gm. H,O. 

Nitrogen, 0.1373 gm. subst., gave NH; = 1.78 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C,,H,;.0.N2 = C 66.60; H 5.61; N 12.99 per cent. 

Found = |G 66.32 5 Eig.73 3; Nom2zo6, °°  ** 

Fraction. Temp. of bath up to Pressure. Weight. 

IV. 200° o.8 mm. 49.39 gm. 

From this the ester of phenylalanine was removed in the usual man- 

ner by shaking out with ether, and after freeing from ether the resid- 

1 Fiscuer, E.; Zeitschrift fiir physiologische Chemie, 1901, xxxili, p. 251. 
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ual ester was saponified by. dissolving in concentrated hydrochloric 

acid and evaporating on the water bath. Of phenylalanine hydro- 

chloride 12.12 gm. were obtained, which is equivalent to 9.93 gm. of 

phenylalanine. For identification the hydrochloride was recrystal- 

lized from strong hydrochloric acid and converted into the free acid 

by evaporation with excess of ammonia. When once recrystallized 

from water, it melted at 263°-265°- 

Carbon and hydrogen, 0.2962 gm. subst., dried at rro°, gave 0.7089 gm. 

CO, and 0.1801 gm. H,0. 

Nitrogen, 0.1924 gm. subst., gave NH, = 1.65 c.c. HCl (1 ¢.c. HG) =(or0r 

gm. N). 

Calculated for C,H,,0O.N = C 65.39; H 6.73; N 8.50 per cent. 

[opboaeleg oc oo oo = C 65.27; H 6.76; N 8.57 «“ “ 

The aqueous layer was saponified by warming with an excess of 

barium hydroxide on the water bath for seven hours. After standing 

for some time the crystals of racemic barium aspartate were filtered 

out and decomposed with an equivalent quantity of sulphuric acid. 

The filtrate from the barium sulphate gave, on concentration, 5.06 gm. 

of aspartic acid, which, when recrystallized from water, was analyzed. 

Carbon and hydrogen, 0.2483 gm. subst., dried at 110°, gave 0.3278 gm. COs 

and o.1215 gm. H,O. 

Nitrogen, 0.2769 gm. subst., gave NH, = 2.93 c.c. HCl (1 cc. HCl = 0.01 

gm. N). 

Calculated for CsH;,O4N = C 36.06 ; H 5.31; N 10.55 per cent. 

Round . 2) oe) =e Boron Geass IN] aK), FE 

The filtrate from barium aspartate was freed from barium quanti- 

tatively with sulphuric acid and the filtrate from the barium sulphate 

concentrated to small volume and saturated with hydrochloric acid 

gas. After long standing on ice, 2.15 gm. of glutaminic acid hydro- 

chloride separated. 

The filtrate from this was evaporated under reduced pressure, 

the residue taken up in water, and the chlorine removed with silver 

sulphate. 

After removing the sulphuric acid with an equivalent quantity of 

barium hydroxide, the solution was boiled with an excess of copper 

hydroxide. The filtered solution, on standing, separated tyrosine-like 

needles of copper laevo-aspartate which weighed 7.41 gm., equivalent 

to 3.57 gm. of aspartic acid. 
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Nitrogen, 0.1853 gm. subst., air dried, gave NH; = 0.93 ¢.c. HCl (1 cc. 

HCl = o.o1 gm. N). 

Copper, 0.1677 gm. subst., air dried, gave 0.0491 gm. CuO. 

Calculated for C,H;O,N Cu - 44 H O=N 5.09; Cu 23.06 per cent. 

CMU ts ee enor! Ft wey —=TINE S02. Cina goat) hc. |< 

From the copper salt the free acid was regenerated and analyzed. 

Carbon and hydrogen, 0.2041 gm. subst., gave 0.2715 gm. CO, and 0.1054 

gm. H,O. 

Calculated for C,H,O,N = C 36.06; H 5.31 per cent. 

Ioybyatsh | go a (CRS) eS Eats! MEG 

Specific rotation. — Dissolved in 20 per cent hydrochloric acid, 
oO 

[a] > SS SED Gish. 

Fischer and Dérpinghaus! found 
: = 

[a] - = +22.0°. 

An effort to isolate serine in the filtrate from the copper aspartate 

failed. 

THE RESIDUE AFTER DISTILLATION. 

The residue remaining after distillation of the esters weighed 57 

gm. This was dissolved in boiling alcohol, and after cooling 1.98 

gm. of needle crystals were filtered out. The filtrate was evaporated 
to a syrup under reduced pressure, saponified by heating with an 

excess of barium hydroxide, and, after removing the barium, evap- 

orated to small volume under reduced pressure. The solution was 

then saturated with hydrochloric acid, and, after standing on ice for a 

long time, yielded 7.39 gm. of glutaminic acid, hydrochloride. The 

free acid prepared by evaporating with an exactly equivalent quantity 

of potassium hydroxide, when recrystallized from water, melted at 

202°-203° with effervescence. 

Carbon and hydrogen, 0.3646 gm. subst., dried at r1ro°, gave 0.5432 gm. 

CO, and o.2019 gm. H,O. 

Nitrogen, 0.3696 gm. subst., gave NH; = 3.55 c.c. HCl (1 c.c. HCl = 0.01 

gm. N). 

Calculated for C;H,O,N = C 40.82; H 6.12; N 9.52 per cent. 

HOUMCN arsine (Cla GlGa tO Gst Ss IN ig.dor “y |< 

1 FISCHER and DOrPINGHAUS: Zeitschrift fiir physiologische Chemie, 1902, 

XXxvi, p. 462. 
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The total glutaminic acid obtained from leucosin was 17.5 gm., or 

6.73 per cent. This result is higher than that recently recorded 

from this laboratory, namely, 5.72-! 

This protein is one from which the glutaminic acid hydrochloride 

can be directly obtained only with great difficulty. In the former 

paper attention was directed to this fact, and the statement made that 

it is possible that the result given was too low. 

TYROSINE. 

Forty grams of leucosin, equal to 34.96 gm. dried at 110°, were 

boiled for twelve hours with a mixture of 120 gm. of sulphuric acid 

and 240 gm. of water. After removing the sulphuric acid with an 

equivalent quantity of barium hydroxide, the solution was evap- 

orated with an excess of barium carbonate in order to remove ammonia. 

After removing the barium the solution was concentrated to a small 

volume on the water bath and allowed to stand for some time. The 

substance which separated was washed with cold water, dissolved in 

ammonia, the solution treated with bone black, and evaporated. On 

cooling 1.0360 gm. tyrosine separated in colorless needles. The fil- 

trate from this, on further concentration, yielded 0.13 gm. more tyro- 

sine, making a total of 1.1660 gm., or 3.33 per cent. This was 

recrystallized and analyzed. 

Carbon and hydrogen, 0.4573 gm. subst., dried at 110°, gave 0.9994 gm. COs 

and 0.2813 gm. H,O. 

Calculated for C,Hj,O;N = C 59.62 ;*H 6.13 per cent. 

Found). se) Gis 0:00), pi Ost as 

ARGININE, HISTIDINE, AND LYSINE. 

The filtrate from the tyrosine, by the method applied to gliadin 

(page 246), yielded a solution in which the nitrogen found corre- 

sponded to 0.99 gm. of histidine, or 2.83 per cent. 

The identity of the histidine could not be established owing to its 

very small amount. 

The solution of the arginine contained nitrogen equal to 0.6720 gm., 

which is equal to 2.08 gm. of arginine, or 5.94 per cent. A part 

was converted into the copper salt by boiling with an excess of cop- 

per hydroxide and the copper salt recrystallized from water. 

1 OsporNE and GILBERT: This journal, 1906, xv, p. 333+ 
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Water, 0.1984 gm. subst., air dried, lost 0.0191 gm. H.O at 110°. 

Copper, 0.1766 gm. subst., dried at 110°, gave 0.0262 gm. CuO. 

Calculated for C\.H.,0,NsCu (NO;)2. - 3 HO = H.O g.15 per cent. 

OUNCE am mie its aon bc mei OlgsG2.%6 

Calculated for Cj,.H.;0,NsCu (NO;). = Cu 11.85 per cent. 

OU Cae) Ad knee. fea (Olen) fap < 

The filtrate from the copper salt was freed from copper and the 

solution evaporated with an excess of sulphuric acid under reduced 

pressure. The sulphuric acid was removed with an excess of barium 

hydroxide, and the barium with carbonic acid. The filtrate from the 

barium carbonate was evaporated to dryness and the arginine con- 

verted into the picrolonate, according to the directions of Steudel. 

This melted at 226°-227°. Steudel gives 225.° 

Nitrogen, 0.0516 gm. subst., dried at 110°, gave 11.8 c.c. moist Ny at 25° 

and 765 mm. 

Calculated for C,H,,O,N, - C,)H,O;N, = N 25.62 per cent. 

Neil GAG 8g, By PAPA BSN C a 

The filtrate from the first silver precipitate which contained the 

arginine and histidine was freed from silver and barium, and the 

lysine precipitated with phosphotungstic acid and then converted into 

the picrate, of which 2.47 gm. equal to 0.9616 gm. of lysine, or 2.75 

per cent, was obtained. This was recrystallized from water and 

analyzed. 

AVitrogen, 0.2288 gm. subst., gave 38.6 c.c. moist N at 25.5° and 759 mm. 

Calculated for CsH,4O.N, - CsH,;0,Ns = N 18.70 per cent. 

OUT ste tsreeeeets ce Ce Nori iiayee ce 2 ote 



THE NATURE OF CHEMICAL AND ELECTRICAL 

STIMULATION. 

By WILLIAM SUTHERLAND. 

NDER this heading A. P. Mathews has given a suggestive 

interpretation of his numerous experiments on the nerve- 

stimulating action of electrolytic solutions.!. He shows that a fair 

measure of the stimulating power of an ion is obtained on dividing 

the square of its ionic velocity by the product of its solution tension 

: . V? : 

and the square root of its atomic mass, namely, EW. He admits 

the difficulty of giving a theoretical justification of this measure, 

pointing out that when E =0, it becomes infinite. When £& be- 

comes negative, he transfers it from the denominator to the numer- 

ator. In these circumstances it seems hopeless to seek for a 
2 

: ‘ Ye : 
theoretical deduction of Em * the proper measure of the stimu- 

lating power of an ion. Profiting by the pioneering of Mathews, I 

have been led to the following quite simple theory of his results 

according to the principles of physical chemistry. 

It is helpful to distinguish two chief ways in which a nerve may 

be stimulated electrically, — first, by electric force without the pas- 

sage of external electricity into the nerve, and, second, by the actual 

passage of electricity into the nerve. It is proposed to show in the 

following that in the experiments of Mathews negative ions stimulate 

nerve by giving to it their electric charges, whereas positive ions do 

not give their electrons to a nerve, but depress it through the action 

of their electric force. According to this distinction all negative ions 

of the same valency, having therefore the same electric charge, ought 

to have the same stimulating action, namely, that of giving that 

charge to the nerve; but, on the contrary, positive ions of the same 

valency, though having the same electric charge, ought not to produce 

l MaTHEws: This journal, 1904, xi, p. 455. 
266 
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the same depressing action, because, being of different sizes and of 

different dielectric capacity (specific inductive capacity) they have 

different electric forces at their surfaces. If @ is the radius of an ion 

and X its dielectric capacity, v its valency, and ¢ the electron charge, 

Vv 

Ka 

duce an inductive charge in the nerve proportional to ve, so the 
9.0 

: ° v 

actual force on the nerve willl be proportional to a The most Pe 

the electric force at its surface is The charge ve will pro- 

striking result obtained by Mathews is contained in his Table IV, 

which shows that for ten out of sixteen salts of sodium with mo- 

novalent acids the minimum strength of a stimulating solution is 
mt 

one-twelfth gram-molecular, or “%. For sodium iodide it is 75, and. 
ui 

for sodium hydrate, the most important exception, it is {}. With 

due allowance for the exceptions, the generalization is clear, that 

negatively charged monovalent ions have the same stimulating 

power. When the formic, acetic, and butyric anions stimulate to 

the same extent as the chlorine and bromine ions, which are so differ- 

ent from them, we have clearly to do with a fundamental relation. 

In the case of the sodium salts of bivalent acids, with the exception of 

acid salts and the carbonate borate and bichromate, the minimum 

stimulating concentration is 2%. With sodium citrate, the case best 

representing trivalent acids, the concentration is %. Now, in con- 

sidering these numbers 12, 32, and 50, we must remember that the 

stimulation of a cut nerve is essentially a surface phenomenon at the 

severed end. Hence in the present connection we ought to consider 

the number of molecules per unit surface and not the number per unit 

volume. So we ought to compare 12', 328, and 503, namely, 5.24, 

10.08, and 13.57 as measures of the number of molecules of sodium 

compounds with mono-, di-, and tri-valent acids which just stimulate. 

But as the acid radicles of these types carry 1, 2, and 3 electrons, 

we get for the measure of the stimulating power per electron the 

values 5.24/1, 10.08/2, and 13.57/3, namely, 5.24, 5.04, and 4.52. 

These numbers are not identical, as they ought to be to confirm 

sharply the important principle that stimulation by solutions is a 

surface action; but they agree well enough to help confirm a later 

calculation involving the principle of surface action as fundamental. 

Their mean value is 4.9. 

With the salts of potassium and ammonium the experimental results 

are not so clear cut, though on the average they confirm the prin- 
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ciple of surface action satisfactorily. The minimum stimulating 

concentration for salts with monovalent acids is about 4.5, for diva- 

lent acids 14, and for trivalent 20 in the potassium citrate and 30 in 

the ammonium citrate. If we take 4.5, 14, and 25 as mean values, 

and raise them to the 2 power in order to compare effects per unit 

surface, we get 2.73, 5-81, and 8.55, which upon division by 1, 2, and 

3 respectively give 2.73, 2.90, and 2.85. Here the agreement is as 

good as possible under the conditions. For the lithium salts the 

data are few, and give 3, 10, and 30 for the minimum stimulating 

concentrations for the three classes of salts. Taking the 3 power of 

these and dividing by 1, 2, and 3, we get 2.08, 2.32, and 3.22. Here 

the last number is markedly discrepant. 

The other result of importance concerning negative ions found 

by Mathews is the exceptional behavior of OH. The minimum 

stimulating concentration found for the hydrates is 74 for Na, 2 for 

K, and “ for Li, while it is 3% for Sr. For all hydrates it is about 
40 

. gram-equivalent per litre. Here the positive ion seems to be of 
20 

no account. Probably there is a different chemical action between 

nerve and alkali from that between nerve and neutral salt, the 

OH concentration at the nerve being so much increased that the 

positive ion of the hydrate never gets near enough to the nerve to 

make its field of electric force effective. Amongst negative ions 

OH is remarkable for the large ionic velocity usually assigned to it. 

In a paper contributed to the Philosophical Magazine I have sought 

to show that the OH ion does not really have this exceptional 

velocity, but that it dissociates a certain amount of water into H and 

OH ions whose velocities are credited to the original OH ion. This 

exceptional power of the OH ion is doubtless partly the cause of its 

exceptional behavior in stimulating nerves. By using the result 

so to measure the stimulating power of an equivalent of hydroxide, 

we might make an attempt to separate the stimulating and 

depressing parts of the action of a dissolved salt. 

If 20! measures the stimulating power of the OH ion, its value, 

7.4, may be taken to give the power of all negative ions. Hence, 

since 4.9 measures the power (of electric origin) of such types as 

NaCl and } Na,SO,, we get the depressing power of the Na ion as 

2.5. For equivalents of K,Li, and NH, salts the stimulating power 

is about 2.8; hence the depressing powers of K, Li, and NH ions 

are about 4.6. 

Special interest attaches to the H ion of acids. Its action appears 
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most clearly in the experiments on acid salts. While the minimum 

stimulating molecular concentration of Na,SO, is ;'y, that of NaHSO, 

is only 4. Hence the depressing power of the H ion per unit surface 

exceeds that of the Na ion by 32! — 6%, or 6.8. With K,SO, and 

KHSO, the difference in the minimum stimulating molecular concen- 

trations is only that between 5 and 4, K,SO, being markedly excep- 

tional. NaH,PO, stimulates in concentrations ” per litre, so 63 

measures its stimulating power per unit surface. For Na,PO, 

the normal power would be 50°, In this case the depressing power 

of the H ion exceeds that of the Na ion by < So) or §.I. 

On the average the depressing power of the H ion exceeds that of 

by (10.2 + 6.8) 

3 
Na was tentatively estimated above at 2.5, so that the depressing 

power of H is 8.2. Now the stimulating power of an equivalent of an 

ion was taken at 7.4. It seems to me to be the safer conclusion to 

state that the depressing power of H is about equal to the stimulating 

power of a monovalent negative ion. From this it would appear that 

the H ion differs from other positive ions in being able to give up its 

positive charge to nerve like a negative ion, As regards ionic 

velocity, the H ion is still more exceptional than OH, according to the 

values hitherto accepted. Just as in the case of OH I have sought 

to show that the true ionic velocity of H is not exceptional, but that 

the H ion splits about twice as much H,O into H and OH as the 

OH ion does, and is credited with the velocities belonging to these 

products of its action on water. Now in certain cases, as for instance 

that of globulin, the action of acids and alkalies on proteids is far 

more like a definite chemical one than that of neutral salts. On this 

account the positive charge of the H ion may be given up to nerve 

in a way not possible to the positive ions of neutral salts. If the 

depressing action of the H ion is equal to the stimulating action 

of monovalent negative ions, then acids ought to have neither a 

stimulating nor a depressing effect on nerve. In his experiments 

Mathews found the acids to possess a small stimulating power, 

which he attributes to other causes than those now under investiga- 

tion. In another way he showed hydrochloric acid to have a de- 

pressing power much greater than the stimulating power of sodium 

chloride or rubidium chloride. It seems to me, however, that it is 

necessary to distinguish two sorts of depressant action, namely, 

the Na ion , or 5.7. But the depressing power of 
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that associated with permanent chemical change in the nerve and 

that not so associated. For example, the salts of heavy metals such 

as copper and mercury most probably form irreversible precipitates 

in contact with nerve. This chemical effect complicates the physi- 

ological investigation of the purely ionic electrical effect. The 

clearest fact about the H ion is that it is a powerful depressant. 

The evidence, on the whole, goes to show that its depressing power is 

about equal to the stimulating power of a negative ion equivalent. 

The next business is to study comparative values of the electric 

force acting on the nerve at the surface of the different positive ions, 

py? res 

are taken from ‘‘ The Dielectric Capacity of Atoms,” ! as also values 

of B, the limiting volume of a gram atom, B® being proportional to a’. 

As we desire to compare the action of equivalents, we must divide 

22 
Ve 
Ke by v to get the effect to be ascribed to each electron charge @ 

Ka? : 

Values of K, the dielectric capacity of the stuff of the ion, 

; : aoe ae : 1000 v 

in the ion, So in the subjoined table are given values of KB to 

Bs 
represent those of =o which we wish to study. For Mg, Ca, Sr, 

a 

and Ba v.= 2, and for the rest y= I. 

| wa | K | Rb | Cs |NH,| Mg | Ca | Sr | Ba 

| 

3.24 | 1.62 | 1.28 | 108} 167 | 6.58 5.16 | 4.72 | 3.83 
K 207| 6.27 | 

| | 
B 8.00! 2.00) 7.40 | 18.60 | 34.40 | 56.00 | 18.00 | 5.60 | 8.60 | 10.60 | 16.60 

1000 v 120.00 | 100.00 | 81.00 | 88.00 | 74.00 | 63.00 | 87.00 96.00 | 92.00 88.00 | 8.00 

| 
\ 

The value of X given for H is one calculated in accordance with my 

contention that the ionic velocity hitherto assigned to H, namely, 318, 

ought to be replaced by an unexceptional value, 67.5. For H the 

IooOr , . : P 

BE is the largest in the list. Hence, even if the H ion 

{DS 

does not give up its charge to nerve, as suggested above, it must 

exercise the largest depressing effect through its electric force. Ac- 

value of 

1 SUTHERLAND: Philosophical magazine, 1904 [6], vii, p. 402; or Australian 

association for the advancement of science, 1904, X, p. 122. 
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cording to the above list Cs ought to have the smallest depressing 

effect and Rb ought to come next. But Mathews found Rb to have 

the smallest depressing effect, although expecting Cs to give ify ele 

quotes Griitzner as having found Cs to be less depressing than Rb. 

Evidently the point requires further experimental investigation. Next 

to Rb in low depressing power and nearly equal come Na and Ba in 

the above list, as Mathews found them. Then come K and NH, 

nearly equal to Sr, in accordance with experiment. The list makes 

Li a rather decidedly stronger depressant than K and NHy,, whereas 

we saw above that it comes out about equal to them in the experi- 

ments. Mg and Ca appear to depress a little more than Sr, while 

experiment makes all three about equal. The striking point about 

the theoretical measure 2 for the depressing power of a positive 

ion equivalent is that it contains v, the valency. In view of this 

fact and the considerable range in the values of K and of B, it seems 

to me that the theory gives an adequate qualitative account of the 

electric action of positive ions on nerve. As to a complete quantita- 

tive test of the theory we are confronted with the difficulty that we 

do not know the relation between magnitude of electric force and 

amount of stimulation. If the depressing powers of Na and K ions 

are as 2.5 to 4.6, it would seem that depressing power is proportional 

to excess of electric force over some lower limit which just fails to 

stimulate. 

We can apply a rather searching test to the foregoing theory by - 

using it to calculate the amount of electricity available in the experi- 

ments of Mathews with solutions for comparison with the directly 

determined charge of negative electricity necessary to stimulate 

nerve. Weiss has shown! that to produce stimulation of a nerve a 

certain minimum quantity of electricity is required. For the sciatic 

of a frog he found this to be of the order 10~* coulomb, which is equal 

to 3 C.G.S. electrostatic units. Consider now a solution such as that 

of sodium chloride which Mathews found to stimulate frog’s nerve 

at concentration 58.4/12 gms. per litre. In a solution of concentra- 

tion 58.4 gms. per litre there are as many molecules of NaCl as there 

are molecules of H in 2 gms. of hydrogen, or 88 x 10%. Thus a solu- 

tion of NaCl of strength 58.4 / 12 contains 7 x 10" ions of Cl per c.c., 

so that we may take a square centimetre of nerve section immersed 

in such a solution to be in contact with 17 x 10 ions of Cl. But the 

1 WeIss: Comptes rendus, 1901, cxxxii, p. 1068. 
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electron charge of each ion is 3 x 10” electrostatic C.G.S. units. So 

the total charge of the Cl ions in a cm? is 51 x 10°. By measurement 

I have found the sectional area of the sciatic nerve of a medium- 

sized frog to be 0.0038 cm.®*, while the sum of the sectional areas of 

the axis cylinders in it is 0.002 cm?. Hence the total charge of the 

Cl ions in contact with the cross section of all axis cylinders in frog’s 

sciatic nerve in Mathews’ experiments with 7% solutions is 10 C.G.S. 

electrostatic units. A fraction of this, namely, about 4, is made 

ineffective through being neutralized by the depressing effect of 

electric force from the Na ions, so that we deduce 7 units as the 

stimulating minimum. The agreement in the order of magnitude of 

the 7 deduced from Mathews’ experiments and the approximate 3 

determined directly by Weiss is quite satisfactory, and furnishes sub- 

stantial confirmation of the contention that the stimulation of nerve 

by solutions must be regarded as a surface action at the cross section 

of the nerve. 

MELBOURNE, AUSTRALIA. 



NOTE UPON THE PRESENCE OF AMIDO ACIDS IN 

THE BLOOD AND LYMPH AS DETERMINED BY 

THE 8 NAPHTHALINSULPHOCHLORIDE REACTION. 

By W. H. HOWELL. 

[From the Physiological Laboratory of the Johns Hopkins University.) 

ae the introduction of the 8 naphthalinsulphochloride reaction 

by Fischer and Bergell,! it has been used by a number of ob- 

servers to test for the presence of amido acids in the urine. The 

result of this work has been to show the probable normal occurrence 

in the urine of glycocoll at least, partly in a free form and partly 

combined.?, Von Bergmann® has also demonstrated by the same 

reaction the probable existence of an amido body of unknown com- 

position in the normal blood of dogs, and in human blood in a 

case of acute yellow atrophy. In the course of some work upon 

the composition of blood with special reference to the absorp- 

tion of the products of proteid. digestion, the present author has 

obtained the 8 naphthalinsulphochloride reaction from normal blood 

by a simple method. Instead of removing the proteid incom- 

pletely by heat coagulation according to the method used by von 

Bergmann, the amido bodies were separated by dialysis. For this 

purpose the convenient collodium membrane was used in place of 

parchment paper. This membrane, first employed, I believe, in path- 

ological experiments at the Pasteur Institute, can be made very easily 

and be given any desired form. It dialyzes much more rapidly than 

parchment paper for all readily dialyzable substances, but is im- 

permeable to the usual proteids of blood unless the dialysis is con- 

1 FISCHER and BERGELL: Berichte der deutschen chemischen Gesellschaft, 

1902, XXXV, Pp. 3779. 
2 IGNATOWSKI: Zeitschrift fiir physiologische Chemie, 1904, xlii, p- 371; 

EMBDEN and REESE: HOFMEISTER’S Beitrage, 1905, vii, p. 411; FORSSNER: 

Zeitschrift fiir physiologische Chemie, 1906, xlvii, p. 15; ABDERHALDEN and 

SCHITTENHELM: /6id., 1906, xlvii, p. 339, and SAMNELY: /éid., 1906, xlvii, p. 370. 

8 Von BERGMANN: HOFMEISTER’S Beitrage, 1904, vi, p- 40. 
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tinued for a long period. In the present experiments the membrane 

was constructed in the form of a flask with a capacity of about 250 ¢.c. 

For this purpose one takes a 5 to 6 per cent solution of gun cotton in 

a mixture of equal parts of absolute alcohol and ether. Some of the 

solution is poured into an Erlenmeyer flask of the desired capacity, and 

is then turned out while the flask is kept in slow rotation, so as to 

form an even layer of the adherent solution over the entire wall. The 

flask is drained carefully to remove the superfluous collodium, and is 

rotated slowly in the hands for several minutes until the solution adher- 

ent to the walls has hardened superficially. The flask is then filled 

with water; the membrane of collodium is separated at the mouth of 

the flask by means of a knife, and is gently detached from the walls of 

the flask for a distance by means of a blunt glass rod or spatula. 

After emptying the flask the entire membrane may then be removed 

conveniently by allowing a stream of water to flow in between the 

membrane and the glass wall. The membrane thus loosened may be 

pulled out without danger of rupturing. It presents the form of the 

Erlenmeyer flask, and may be kept in distilled water until used. In 

using these flasks to dialyze blood a glass tube 30 to 40 cms. in length 

was cemented into the mouth with collodium solution and firmly tied. 

By this means one prevents the overflow of the flask which would 

otherwise occur in consequence of the permanent osmotic pressure 

exerted by the blood. The blood was allowed to flow directly from 

the blood vessel used into the flask, which ‘was then swung in a 

vessel containing two to four litres of distilled water, and the dialysis. 

was continued for five to twenty-four hours. The dialysate was then 

concentrated by evaporation to 50 to 100 c.C., and tested directly with 

the ethereal solution of 8 naphthalinsulphochloride, made alkaline 

according to the usual procedure by the addition from time to time 

of appropriate amounts of a normal solution of potassium hydroxide. 

The mixture was kept in the shaking apparatus for four to twenty- 

four hours. A positive reaction for amido acids was obtained in all 

cases but one in blood taken from fourteen different animals. The 

experiments were all made upon dogs, and the blood was collected 

either from the portal vein or from the carotid artery or jugular vein 

in animals that had been well fed, five to six hours after the meal, or 

in animals in a fasting condition, twenty-four to fifty hours after a 

meal. 

Rxamination of the dialysate.— After a dialysis of five to six hours 

the dialysate was usually entirely clear ; after a longer dialysis, how- 
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ever, it might become slightly milky, owing possibly to the diffusion 

and precipitation of some of the globulin.! On concentrating the 

dialysate on a sand bath a slight precipitate might coagulate out, 

especially if the dialysis had been continued for a long time. The 

filtrate from this precipitate was somewhat colored. An effort to 

clarify the solution by treatment with animal charcoal was unsuccess- 
ful, since this substance holds back the amido acids. With regard to 

the amido bodies in the blood it was found that they are removed 

practically completely by a dialysis of five to six hours. If after this 
time the flask is dialyzed against a new bulk of distilled water, the 

dialysate on concentration and examination in the usual way gives 

little or no indication of the presence of amido acids, while the first 

dialysate gives a distinct reaction. The condensed and filtered dialy- 

sate contains some sugar, but gives no indication of proteids when 

tested by the biuret or millon reagent. Inasmuch as preliminary 

tests with solutions of Witte’s peptone showed that the collodium 

membrane is readily permeable to solutions of peptones and proteoses, 

the entire absence of a biuret reaction in the dialysate is a strong in- 

dication that no proteoses or peptones exist in the blood, even in the 

portal blood collected during the period of maximal absorption from 

the intestines. The question of the normal existence of peptones or 

.proteoses in the blood, especially after a proteid meal, has given rise to 

much discussion (see accompanying paper on the proteids of the blood). 

The fact that a large proportion of the blood collected from the portal 

vein during full digestion and dialyzed against a membrane readily 

permeable to these substances, gives an entirely negative reaction to 

the biuret test, must be accepted as strong proof that the peptones 

and proteoses do not exist normally in the blood. When the concen- 

trated dialysate was saturated with zinc sulphate, a small flocculent 
precipitate was obtained, but that this precipitate did not consist of 

peptones or proteoses or indeed of proteid of any character was 

shown by the fact that when filtered off and dissolved the solution 

failed to give a perceptible reaction with the biuret test. 

The § naphthalinsulphochloride reaction. — As stated above, this 

reaction was. positive in all cases except one in specimens of blood 

taken from fourteen different animals. The exceptional case was 
that of a dog in fasting condition, but it should be stated that in this 

instance the dialysate was shaken with the reagent for only two 

1 On two occasions hemoglobin passed into the dialysate, owing to some im- 
perfection in the membrane. 

— 
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hours. The procedure used in testing was as follows. The concen- 

trated dialysate was shaken with the ethereal solution of the reagent 

in distinct alkaline reaction for usually eight to nine hours. The 

ethereal solution was then removed by means of a separating funnel, 

and the aqueous solution after filtration was acidified with hydro- 

chloricacid. A cloudy white precipitate was obtained, which if shaken 

out with ether seemed to dissolve completely. The ethereal solution 

thus obtained was separated and evaporated to dryness, and the resi- 

due was dissolved in water to which a trace of ammonia had been 

added ; the excess of ammonia was removed by heating and the so- 

lution was filtered and precipitated by acid. The precipitate thus 

obtained settled to the bottom as a slightly colored layer which on 

examination under the microscope presented the appearance of minute 

droplets of an oily character. The precipitate could not be made to 

crystallize. Repeated solutions in alkaline liquids with precipitation 

by acid, and long standing at low temperature failed to cause the 

formation of crystals. Repeated precipitations from hot water or di- 

lute alcohol failed to give a better result. In this respect the naph- 

thalinsulphoamido compound differed from that obtained by other 

observers from the urine, and it would appear therefore that the amido 

acid indicated is not glycocoll. The compound obtained by von Berg- 

mann from the blood behaved in a similar way as regards crystalliza: 

tion. If the first precipitate of the naphthalinsulphoamido compound 

obtained on acidifying the shaken mixture was allowed to stand instead 

of being shaken out with ether, it settled to the bottom of the beaker 

after some hours as a yellowish layer which adhered tightly to the 

bottom in the form of a smear. When the supernatant liquid was 

poured off and the smear was treated with ether, a portion dissolved. 

The portion soluble in ether, treated as described above, gave a pure 

white precipitate on acidifying which, however, could not be obtained 

in crystalline form. The portion not soluble in ether balled together 

as a gummy mass when rubbed with a rod and was deeply colored. 

This portion dissolved readily in dilute solutions of alkali, and on 

acidifying precipitated in the form of yellowish flocks which depos- - 

ited finally as clumps of yellowish granules. This portion seemed to 

contain all of the pigment present .in the original precipitate. The 

failure to obtain the naphthalinsulphoamido compound in crystalline 

form suggested the possibility that the reaction might be due to one 

of the more complex polypeptids. An effort was made therefore to 

hydrolyze this body. The concentrated dialysate was evaporated to 
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dryness on the water bath, and the residue was boiled with strong 

hydrochloric acid for eight hours with a reflux condenser. The solu- 

tion was then evaporated to complete dryness on the water bath, 

taken up with water and treated with the 8 naphthalinsulphochlo- 

ride. The precipitate obtained still deposited in oily drops, which 

could not be made to crystallize after repeated precipitations and 

exposure to low temperatures. 
Comparison of portal and jugular blood. — The blood was examined 

from dogs in full digestion, five to six hours after a meal, and from 

others in a fasting condition, twenty-four to fifty hours after a meal, 

and in some cases the blood was withdrawn from the portal vein 

directly, in others from the jugular vein or carotid artery. The 

amount of material obtained as a naphthalinsulphoamido compound 

was small in all cases, and no weighings have been made as yet, but 

judged by the appearance of the precipitate, a larger yield was ob- 

tained from the portal blood taken during digestion than from the 

jugular blood, and a larger reaction from the blood of the fed animal 

than from that of the starved animal. In three cases out of four 

examined, however, a positive reaction was obtained from both the 

portal and the jugular blood of animals starved for fifty hours, and 

this fact would indicate that amido acids are constantly present in 

the blood. It is hoped later to obtain quantitative measurements. 

The fact that the amido acids seem to be increased after digestion, } 

while no trace of peptones or proteoses can be dialyzed from the blood, 

lends support to the modern view that the proteids during digestion 

and absorption are completely hydrolyzed into their constituent 

amido acids, and that if any synthesis occurs, the products formed are 

either not present in the blood or are in a form which does not 

dialyze. It should be added that the concentrated dialysate from the 

blood gave always a precipitate with phosphotungstic acid in acid 

solution. Inasmuch as this reagent yields a precipitate so readily 

with dilute solutions of potassium or ammonium salts, a reaction of 

this kind is without significance in regard to the products of diges- 

tion unless the presence of organic bases can be detected by other 

means. An effort to obtain from this precipitate definite reactions 

for arginin gave negative results. 
Amido acids in the lymph. —In one animal that had been well fed 

- lymph was collected from the thoracic duct. Fifty cubic centimetres 

of this lymph were dialyzed against a litre of water for twenty-four 

hours. The dialysate was concentrated in the usual way, and, as in 
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the case of the blood, it contained sugar but gave no reaction with the 

millon or biuret test. Treated with the 8 naphthalinsulphochloride, 

it yielded a slight turbidity which settled to the bottom of the beaker 

as oily droplets which formed an adherent precipitate similar to that 

obtained from blood. The precipitate in this case was dissolved in 

barium hydrate, the excess of barium was removed by carbon dioxide ; 

the solution was filtered, boiled, and again filtered. On acidifying a 

milky precipitate was obtained which on settling showed some 

tendency to crystallize in needles. 

The osmotic pressure of the portal and the arterial blood.— In the 

dialysis as carried out in these experiments the blood showed consid- 

erable permanent ‘osmotic pressure. If the blood was first heated to 

the point of coagulation, however, and then dialyzed, it showed little 

or no osmotic pressure, the membrane being so permeable to the salts 

and other readily diffusible constituents of the blood that the differ- 

ence in concentration due to these substances was very quickly equal- 

ized by diffusion. It is evident, therefore, that the permanent osmotic 

pressure exerted by the blood is due to the contained proteids, or, as 

Reid supposes, to certain unknown substances, combined or mixed 

with the proteids, which are altered or precipitated when the proteids 

are coagulated. In these experiments the osmotic pressure was 

measured simply by the height to which the liquid rose in the tube 

attached to the dialyzing flask. It was observed that in the speci- 

mens of portal blood the liquid rose more promptly and to a greater 

height than in the case of the carotid blood. With the portal blood 

the height of the column of liquid was equal to 270 to 300 mm., 

while in the carotid blood it was from 200 to 220 mm. Inasmuch 

as the percentage of proteids in the portal blood is greater than in 

the carotid blood, this fact alone may explain the difference in perma- 

nent osmotic pressure. As measured by the lowering of the freezing- 

point, the concentration of the portal blood is considerably above that 

of the carotid blood, and the difference is distinctly increased during 

the period of digestion, as is shown by the following experiment, 

Dog A. — Starved for twenty-four hours. Serum obtained from clots of blood, 

taken from the portal vein and the carotid artery. Serum entirely clear 

and slightly concentrated from standing. 

Zero point for distilled water. . - - + + : 

Freezing-point of carotid serum (3 determinations) 2-370 

2.369 

2.369 

= 2.989 

2.369 
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Freezing-point of portal serum (3 determinations) 49 

nn WwW on 
° 

2. 

2. 

| io) on 
ty 

2.350 

A of serum of carotid blood = 0.620° ; of portal blood = 0.639° ; dif- 

ference = 0.019°. 

Dog B. — Well fed; bled five hours after meal. Serum collected from clots 

was very milky — was centrifugalized. 

Freezing-point of carotid serum (2 determinations) 2.360 

2-395 

Freezing-point of portal serum (2 determinations) 2.324 

320 

2 

2. 

2.322 

A of serum of arterial blood = 0.632°; of portal blood = 0.667°; dif- 

ference = 0.035°. 

SUMMARY. 

1. By means of dialysis through collodium membranes a sub- 

stance or substances may be separated from the blood which give the 

reaction of amido acids with 8 naphthalinsulphochloride. 

2. In the well-fed animal the amido acids are present in the 

blood of the portal vein in larger amounts than in the general sys- 

temic blood. Even after a starvation of fifty hours, however, a posi- 

tive reaction may be obtained from the blood. 

3. Lymph collected after a meal and treated in the same way 

gives a positive reaction. 

4. Although the collodium membrane is readily permeable to pep- 

tones and proteoses, no indication of the existence of these substances 

can be obtained from dialyzing portal blood collected during the 

period of maximum absorption. 

5. Owing probably to its larger percentage in proteids, the portal 

blood exhibits a permanent osmotic pressure larger than that shown 

by blood collected from the general circulation. 



THE PROTEIDS OF THE BLOOD WITH ESPECIAL 

REFERENCE TO THE EXISTENCE OF A 

NON-COAGULABLE PROTEID. 

By W. H. HOWELL. 

[From the Physiological Laboratory of the Fohns Hopkins University.| 

LOOD serum, when made feebly acid and completely coagu- 

lated by heat, is found to contain a non-coagulable residue 

which may be precipitated by saturation with ammonium sulphate, 

by phosphotungstic acid, and by other reagents. This non-coagulable 

portion of the serum has been investigated by several observers, and 

opinions differ as to whether it is a normal constituent of the blood 

or an artificial product formed during the act of heat coagulation. 

The investigations of previous observers may be summarized briefly 

as follows: Chabrié seems to have been the first to call attention to 

this substance.! His method was to neutralize the serum (human) 

with acetic acid and heat it on the water bath until it was converted 

to a jelly. This jelly was cut into small pieces and extracted with 

boiling water. In the opalescent extract was found a proteid which 

he designated as albumon. It was not coagulated by heat, but was 

precipitated by alcohol and gave a number of the proteid reactions. 

Briinner2 repeated Chabrié’s experiments, modifying somewhat the 

method of preparation. He concluded that Chabrié’s albumon does 

not pre-exist in the serum, but is split off from the serum proteids 

during the process of heat coagulation. As proof for this belief, he 

states that pure solutions of paraglobulin and serum albumin yield a 

similar substance when submitted to heat coagulation. This expla- 

nation seems to have been accepted generally by later writers, but 

it may be pointed out that the experiments given by Brunner are 

not entirely conclusive, since the methods used by him to prepare 

1 CHaprié: Comptes rendus de l’Académie des sciences, 1891, cxiii. 

2 BrUNNER: Zur Kenntniss der Eiweisskérper des Blutserums, Inaugural Dis- 

sertation, Bern, 1594. 
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his pure solutions of paraglobulin or serum albumin were such as 

might have precipitated the albumon, assuming that this proteid 

pre-exists in the blood. Zanetti! has described a similar proteid 

which he obtained from ox’s serum. This proteid after purification 

by repeated precipitation by alcohol gave many of the usual proteid 

reactions and in addition yielded a reducing body when treated with 

dilute acids. Zanetti concluded that the non-coagulable residue in 

blood serum belongs to the group of ovomucoids. ' Langstein? re- 

peated Zanetti’s experiments. He found that the proteid prepared 

by the latter’s method did not yield a reducing body in all cases, 
and he was inclined, therefore, to regard the reducing body, when 

present, as an impurity. He was convinced, however, that a non- 

coagulable proteid exists in the blood serum and assigned it to the 

group of albumoses, although no special reason for this classification 

was given other than the non-coagulability by heat. Bergmann and 

Langstein® estimated the residual nitrogen-containing material of 

serum by the Kjeldahl method, after removing the coagulable pro- 

teid by heating in weakly acid reaction and in some cases after 
the addition of NaH,PO, to } per cent. The amount of the 
residual nitrogen varied according to the conditions from 7.67 per 

cent to 14.7 per cent of the total nitrogen of the blood; and exami- 

nation of the substance yielding this nitrogen showed that it gave 

proteid reactions. They separated this non-coagulable residue into 

a portion consisting of primary and secondary proteoses and a portion 

precipitable by phosphotungstic acid. They give no conclusive 

proof, however, that the proteids in question belong to the group 

of proteoses. Kraus* used a somewhat similar method. He pre- 

cipitated blood plasma by heat coagulation in acid reaction, and 

treated the filtrate, after concentration, with ;'; its volume of satu- 
rated solution of zinc sulphate and also by saturation with sodium 
chloride in acid reaction. If the precipitate produced by the last 

reagent cleared up on heating, he concluded that all coagulable pro- 

teid had been removed. The solution was then precipitated by 

saturation with zinc sulphate or by phosphotungstic acid, and the 

amount of nitrogen contained in it was determined. The results 

1 ZANETTI: Annali di Chimica e di Farmalogica, No. 12, 1897; quoted from 

Jahresberericht der Thier-Chemie, 1897, xxvii, p. 32. 

2 LANGSTEIN: HOFMEISTER’S Beitrage, 1902, iii, p. 373- 

8 BERGMANN and LANGSTEIN: HOFMEISTER’S Beitrage, 1904, vi, p. 27 2]. 

4 Kraus: Zeitschrift fiir experimentelle Pathologie und Therapie, 1906, iii, 

p52: 
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obtained were variable, indicating that when the blood contained a 

total nitrogen of 2.73 to 4.47 per cent, the residual nitrogen of the 

non-coagulable portion varied from 0.039 to 0.146 per cent. In this 

as in the paper by Bergmann and Langstein no positive proof is 

given that the non-coagulable proteid belongs to the group of 

albumoses, and no proof whatever that the substance in question 

is not split off from the other proteids of the blood during the act 

of heat coagulation. So far as the residual nitrogen is concerned, 

it is evident that, as determined by these authors, it includes such 

substances as the amido acids, urea, lecithin, etc., which would be left 

in the serum after removing the coagulable proteid. Regarding the 

question of the existence of peptones or proteoses in the blood, 

Hofmeister, Toepfer, Embden and Knoop are quoted as having 

obtained positive evidence, while Neumeister, Abderhalden and Op- 

penheimer report negative findings.1 

As stated in an accompanying paper, the author has shown recently 

that when an animal is bled from the portal vein during the height 

of digestion, and the volume of blood obtained (250 c.c.) is dialyzed 

against distilled water, using a collodium membrane, no trace of 

peptones or proteoses can be detecte | in the concentrated dialysate. 

Since the collodium membrane is readily permeable to peptones and 

proteoses, and since the other diffusible constituents that exist in the 

portal blood, such as sugar, amido acids, ammonia salts, can be 

detected easily in the dialysate, it follows that if this form of proteid 

exists in the blood in even minute amounts it would be detectable 

by this means. Whether there is a proteid in the blood not coagu- 

lable by heat is, it seems to the author, a different question from 

whether peptones and proteoses are present. The former question 

is difficult of solution, but regarding the latter the evidence is so 

unsatisfactory that one is justified at present in denying their exist- 

ence normally in the blood in amounts that can have a physiological 

significance. 

The non-coagulable proteid in serum, — That the blood serum con- 

tains after heat coagulation a residual non-coagulable proteid is a 

fact beyond question, if by non-coagulable proteid is understood 

1 HoFMEISTER: Zeitschrift fiir physiologische Chemie, 1881, v, p- 127; TOEP- 

FER: Wiener klinische Wochenschrift, 1902, No. 11; EMBDEN and KNOoP: 

HoFMEISTER’S Beitrage, 1903, iii, p. 120; NEUMEISTER: Zeitschrift fiir Biologie, 

1888, xxiv, p- 272; ABDERHALDEN and OPPENHEIMER: Zeitschrift fiir physiolo- 

gische Chemie, 1904, xlii, p- 155. : 
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one not coagulated by heat in feebly acid reaction in the otherwise 

unaltered serum. The author has attempted to study this proteid 

using the following method. The serum (dog, beef, horse) was col- 

lected usually from a clot, although in some cases oxalate or fluoride 

plasma was used. The serum was diluted with once or twice its volume 

of a solution of sodium chloride, 0.7 per cent, and thoroughly cen- 

trifrugalized. It was then heated on a water bath to 85° C. and dilute 

acetic acid was added, while stirring, until the reaction was per- 

manently but feebly acid. The heavy coagulum obtained was filtered 

off through cotton cloth, and the serum was again heated to 85°, with 

the addition of more acid if necessary to maintain a feebly acid reac- 

tion, and again filtered through filter paper. The clear yellow filtrate 

gave no further coagulum upon heating to 85° or 100° C. when beef 

serum was used. Dog serum, if kept for a number of minutes at 85° 

to 100° C., developed an opalescence which gradually took the form 

of a fine precipitate. This precipitate could not be filtered off suc- 

cessfully in all cases. The beef serum, although it remained entirely 

clear or developed only a slight opalescence when boiled, also gave a 

similar fine precipitate on boiling if the reaction was made strongly 

acid with acetic acid. This precipitate brought down with it all of 

the pigment present, and was characterized when fresh by a delicate 

agreeable odor. The non-coagulable proteid left after the heat coag- 

ulation of the albumin and globulins of the serum falls, therefore, into 

two parts, — one which is entirely unaffected by boiling in strong acid 

reaction, and one which by prolonged heating to 85° to 100° C., es- 

pecially in strong acid reaction, is precipitated more or less imperfectly. 

The qualitative reactions of these proportions were apparently the 

same, so that in most cases the entire proteid left in the clear filtrate 

from the coagulum thrown down at 85° was treated asone. The actual 

amount of this material and of its two parts was determined in sev- 

eral analyses, but the figures did not agree very closely, owing, as 

was discovered later, to the fact that lecithin and other substances 

extractable by alcohol and ether are present, and the thoroughness 

of this extraction alters considerably the results. The following fig- 

ures, however, were obtained. The total non-coagulable proteid 

determined in three specimens from different animals by precipita- 

tion with ammonium sulphate and reckoned in percentages of the 

weight of serum used, was, respectively, 0.76, 0.85, and 0.91 per cent, 

an average, therefore, of 0.84 per cent. The portion coagulated 

at 100° C. in strong acid reaction, determined in six specimens, was 
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0.31, 0.31, 0.21, 0.35, 0.29, and 0.38 per cent of the serum used, giving 

an average of 0.31 per cent. The proteid left in the blood serum 

after boiling in strong acid reaction was therefore equal to about 0.5 

per cent. This proteid was not a form of acid albumin, since it was 

not precipitated by neutralization nor by saturation with sodium 

chloride. 

Qualitative reactions of the non-coagulable proteid. — These reactions 

apply to either portion of this proteid as described above. 

1. It gives an excellent millon reaction. 

2. It gives a blue-purple biuret reaction. 

3. It gives a xanthoproteic reaction. 

4. It is not precipitated by dialysis, nor by carbon dioxide after 

dilution. 

5. It is precipitated by potassium ferrocyanide and acetic acid if 

the reaction is made strongly acid. 

6. It is precipitated by nitric acid, the precipitate not disappear- 

ing on heating. 

7. It is not precipitated by complete saturation with sodium 

chloride. 

8. It is incompletely precipitated by saturation with magnesium 

sulphate. 

g. It is completely precipitated by ammonium sulphate added to 

a saturation of 50 to 70 per cent. 

10. It is precipitated by alcohol added to a concentration of 50 

per cent or more. 

11. It is precipitated in acid solution by phosphotungstic acid or 

iodine in solution in potassium iodide. 

12. After dialysis and the addition of sodium, potassium, or lithium 

chloride it gives no precipitate on boiling. A coagulum occurs, 

however, under these conditions upon the addition of ammonium 

chloride or sulphate or the chloride of magnesium, calcium, or 

barium. 

13. It gives always a strong reaction for phosphorus and a distinct 

reaction for iron. The sulphur reaction was in some cases negative. 

The content in phosphorus. —It was quickly discovered that the 

non-coagulable proteid gives a strong reaction for phosphorus, and a 

number of quantitative determinations of this element were made 

by the ammonium molybdate method. The proteid was prepared 

as follows. After complete coagulation at 85° C. the filtrate was 

precipitated by saturation with ammonium sulphate and was purified 
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by three successive precipitations. The final solution was in some 

cases dialyzed in parchment tubes against running water and dis- 

tilled water until it failed to give a reaction with barium chloride, 

and was then precipitated by the addition of alcohol. In other cases 

it was heated for two hours at a temperature of 105° to 110° C., and 

the precipitate then washed with boiling water until all sulphate was 

removed. The figures obtained by the first analyses made were very 

variable, ranging from 0.144 to 2.9 per cent of the weight of proteid, 

and it was found that this variation depended on the extent of washing 

of the precipitate with alcohol and ether. When the precipitate 

obtained by either method was thoroughly digested with boiling 

alcohol and then with ether, the phosphorus reaction disappeared 

entirely or was so small that no weighings could be made. The alco- 

hol and ether extracts were found to contain iecithin and other related 

bodies, as described below. It is evident from these facts that the 

non-coagulable proteid does not belong to the group of nucleo-proteids 

or nucleo-albumins, but when precipitated carries down with it some 

lecithin in a form of combination such that the lecithin can be 

extracted by hot alcohol. Hoppe-Seyler long ago called attention 

to the fact that the globulins of the blood when precipitated carry 

down some lecithin, and the present author has found this to be the 

case even with the precipitate of blood serum produced by carbon 

dioxide. Fuld and Spiro! call attention to the fact that pseudoglob- 

ulin, obtained by saturating serum to 34 to 46 per cent with ammo- 

nium sulphate, always contains phosphorus. Bernert* also reports 

that in a milky ascitic exudate examined by him the portion of the 

proteid precipitated by one-half saturation with ammonium sulphate 

gave an abundant reaction for phosphorus, but that all of the phos- 

phorus-containing material could be extracted by hot alcohol. Freund 

and Joachim? claim to have discovered a phosphorus-containing pro- 

teid in the blood which they designate-as a nucleo-globulin. Since, 

however, they give no satisfactory evidence of obtaining from this 

proteid any of the characteristic dissociation products of nuclein or 

pseudonuclein, it remains doubtful whether the proteid they were 

dealing with was a nucleo-proteid or nucleo-globulin, or simply a 

1 Fucp and Spiro: Zeitschrift fiir physiologische Chemie, 1900, xxxi, p. I40. 

2 BERNERT: Archiv fiir experimentelle Pathologie und Pharmakologie, 1902, 

xlix, p. 48. 

8 FREUND and JOACHIM: Zeitschrift fiir physiologische Chemie, 1902, xxxvi, 

Pp. 407. 
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lecithin-containing proteid from which the phosphorus-containing 

material might have been extracted by the action of hot alcohol. 

The author has prepared this so-called nucleo-globulin by the method 

described by Freund and Joachim, and finds that it contains lecithin 

and other materials extractable with alcohol and ether. After 

thorough extraction with boiling alcohol and with ether the residue 

remaining failed to yield a positive test for phosphorus. 

Examination of the phosphorus extract. — The non-coagulable pro- 

teid prepared as already described was usually extracted first with 

warm absolute alcohol, then with a mixture of equal parts of alcohol 

and ether, and finally with boiling absolute alcohol. The extracts 

taken together were evaporated to dryness ata low temperature, and 

yielded a yellow waxy material very soluble in ether, but soluble with 

some difficulty in alcohol. This material contained much lecithin. 

When mixed with a drop of water and examined under the microscope, 

it gave beautiful myelin tubes, and when treated according to the 

usual method with barium hydroxide, carbon dioxide, and Iplatinum 

chloride, it yielded the orange-colored crystals characteristic of cholin. 

Two quantitative analyses of the residue after repeated solutions in 

ether and evaporation at a low temperature yielded 1.25 and 1.77 per 

cent of phosphorus. In the first analysis the residue was weighed 

directly after heating for several hours at roo’, until an approxi- 

mately constant weight was obtained. In the second the weight of 

substance used was determined by difference, that is, the non-coagu- 

lable proteid was weighed before and after extraction with the alcohol 

and ether. Further analyses were not made, as it seemed certain from 

the low percentage of phosphorus that the residue was not composed 

entirely of lecithin. This conclusion was verified by a qualitative 

examination of the residue, according to which the following separate 

parts could be recognized : — 

I. A portion precipitable from ethereal solution by acetone, the 

precipitate soluble in cold alcohol. This portion contained nearly 

3 per cent of phosphorus and was largely lecithin. 

II. A portion precipitable from ethereal solution by acetone, but the 

precipitate not soluble in cold alcohol. Its ethereal solution evapo- 

rated to dryness yielded a hard waxy mass which gave an abundant 

reaction for phosphorus. Under the microscope it showed a granular 

structure, but gave no myelin figures on the addition of water. 

III. A portion precipitable from its ethereal solution by the addition 

of alcohol. The precipitate was slightly colored and soluble in water. 
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The amount of this material was very small; it gave a phosphorus 

reaction, but failed to respond to any of the reactions for jecorin. 

IV. A portion not precipitable from its ethereal solutions by 

acetone, soluble in cold alcohol. The residue on evaporation was 

oily; it gave a reaction for phosphorus, and under the microscope 

showed numerous crystals resembling those of fatty acids and with a 

melting-point at about 60°C. The residue had an acid reaction. 

V. A portion not precipitable from its ethereal solutions by ace- 

tone, soluble with difficulty in cold alcohol. On evaporation it gave 

a hard waxy mass which gave only a faint reaction for phosphorus 

and no myelin figures on the addition of water. 

The material available for study did not suffice for further work, 

but it seemed evident that in the alcohol-ether extract of the non- 

coagulable proteid there was no substance corresponding to jecorin, 

while there were present two substances at least (I and II) rich in 

phosphorus, one of which (I) gave the characteristic myelin figures 

of lecithin on the addition of water, while the other failed to give 

this reaction. 

The fact that the non-coagulable proteid when precipitated by 

ammonium sulphate or alcohol yields such a large amount of lecithin 

and related substances suggests that it may consist of a lecitho-proteid. 

Several authors, notably Liebermann,! have contended for the exist- 

ence of such a group of proteids. Osborne and Campbell, following 

Hopper-Seyler, have described a compound of lecithin and nucleo- 

proteid occurring in the yolk of the hen’s egg. The assumed com- 

pound has the properties of a globulin, and the lecithin in it can be 

extracted by alcohol. As was stated above, the globulin, particularly 

the pseudoglobulin, when precipitated by salts or carbon dioxide, 

carries down with it some phosphorus-containing material, pre- 

sumably lecithin. But the non-coagulable proteid contains a larger 

amount of this material. When the blood is coagulated at 80° to 85° 

C., the heat coagulum contains only a small amount of phosphorus in 
a form extractable by alcohol, while the non-coagulable proteid is 

relatively rich in this substance. The portion of the non-coagulable 

proteid that is thrown down by boiling in strong acid solution con- 

tains also much phosphorus material extractable by alcohol. The 

amount of lecithin or related substances contained in the non-coagu- 

1 LIEBERMANN: Archiv fiir die gesammte Physiologie, 1891, l, pp. 25 and 55. 
2 OsBORNE and CAMPBELL: Journal of the American Chemical Society, 1900, 

xxii, p. 413- 
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lable proteid is therefore noteworthy. When this proteid is precip- 

itated by salts (ammonium sulphate), the lecithin is carried down ; 

when dissolved, the lecithin passes into solution with it. Alcohol 

splits off a part of the phosphorus-containing material very easily, but 

for its complete removal the prolonged action of boiling alcohol is 

necessary. It is possible, therefore, that the non-coagulable proteid 

may be a lecitho-proteid compound, whether it pre-exists in the normal 

blood or is formed during the process of heating. A definite com- 

pound between the proteid and the lecithin would be indicated if the 

amount of lecithin or phosphorus-containing material showed a con- 

stant proportion. So far as my analyses go, however, this is not the 

case. Results of the following character were obtained : — 

I. Weight of the non-coagulable proteid precipitated by 

ammoniumsulphate. - 4 0-2. 5 | © i (ecm 6 =) CrS000FEUs 

Weight of the alcohol ether extract . ~ oe = — 0248 orem 

Percentage of phosphorus in the alcohol ether extract = 1.77 percent. 

Percentage of phosphorus in the proteid after extraction = 0.87 per cent. 

Weight of lecithin estimated from the phosphorus . - = 0.1474 gm. 

Percentage of lecithin in the non-coagulable proteid . = 37 per cent. 

II. Weight of the non-coagulable proteid precipitated by 

Ehrtejtineycileiee og oO 0 0 0 0 0 8 GD = 0.8495 gm. 

Weight of lecithin estimated from the phosphorus in the 

alcohol ether extract 0.113, and in the proteid after 

extraction 0.092. - + - = 0.205 gm. 

Percentage of lecithin in the non-coagulable proteid . = 24 per cent. 

Although not constant, it will be seen that the amount of phosphorus- 

containing material in the precipitated non-coagulable proteid is very 

large, much greater than in the portion of the serum proteids coag- 

ulated by heat. This adherent or combined lecithin modifies the 

properties of this proteid, and there can be no doubt that the albu- 

mon of Chabrié and the non-coagulable proteid of the blood investi- 

gated by other authors consisted of this compound. It was not pos- 

sible to determine the properties of the proteid combined with the 

lecithin, since the method of removing completely this latter sub- 

stance, namely, by prolonged boiling with absolute alcohol, must have 

altered this proteid constituent. The material left after extraction 

with the alcohol was only partially soluble in water. The portion 

dissolved was precipitable by alcohol, but this precipitate in turn 

was only partially soluble in water. The aqueous solution thus 
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obtained became opalescent on boiling, and with the biuret reagent 

gave a redder tint than the original proteid. 

The iron and sulphur contents of the non-coagulable proteid. — After 

removal of the phosphorus-containing bodies and other material 

extractable by alcohol and ether, the remaining material was found to 

contain sulphur and iron. A single analysis for sulphur gave for 

0.7033 gm. of the proteid 0.0229 gm. of barium sulphate, or 0.45 per 

cent of sulphur. The content in iron was more noteworthy. The 

proteid material after thorough extraction with alcohol gave always a 

distinct reaction for iron. The possibility that this iron might have 

arisen from the slight amount of hemoglobin usually present in the 

serum was disproved by a special experiment made with the oxalated 

plasma of the horse. This plasma was entirely free from hamo- 

globin, as far as could be determined by its color when seen in mass, 

by the spectroscope and by the results of Almen’s test. The non- 

coagulable proteid prepared in the usual way from this plasma gave 

an excellent iron reaction. The iron was determined quantitatively in 

three cases by fusing the proteid with sodium carbonate and potas- 

sium nitrate and precipitating by ammonium hydroxide. The three 

analyses gave, respectively, 0.19, 0.17, and 0.29 per cent of the 

extracted proteid. The maximum amount of iron is so small that it 

would seem impossible for it to form a constituent part of the proteid 

molecule, as is the case also with many of the iron-containing 

proteid compounds, such as the nucleo-albumins, found in the tissues 

or liquids of the body. The amount of iron is sufficient, however, 

to make this compound of interest in connection with the iron 

metabolism of the body. 

The relation of the inorganic salts of the blood to the heat coagulation 

of the proteids.— The usual proteids of the blood serum, serum 

globulin and serum albumin are distinguished from each other by 

their reaction toward magnesium sulphate or ammonium sulphate. 

Moreover the two portions of the globulin usually recognized, 

namely, euglobulin and pseudoglobulin, are likewise differentiated by 

the degree of saturation with ammonium sulphate necessary for their 

precipitation. Every one who has worked with these proteids must 

have recognized the unsatisfactory nature of this classification. The 

portion of proteid precipitated by half-saturation with ammonium 

sulphate and designated as serum globulin is not a well-defined 

chemical substance with uniform properties, and the same may be 

said of the fractional portions distinguished as euglobulin and pseudo- 
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globulin. A solution of either one of these latter proteids submitted 

to dialysis exhibits a portion that precipitates and a portion that 

remains in solution,! ——an indication of the presence of two different 

substances in spite of the fact that they both come down at a certain 

degree of saturation with ammonium sulphate. The author has been 

much impressed also with the fact that the blood proteids after 

precipitation with ammonium sulphate exhibit quite different proper- 

ties, as regards their precipitation and coagulation especially, from 

those shown before the action of this salt. This difference may be 

shown in several ways. If blood serum is dialyzed very completely, 

a certain amount of precipitate forms which settles to the bottom 

of the dialyzing flask and leaves a perfectly clear supernatant liquid 

that may be filtered off. If now this clear liquid is precipitated by 

ammonium sulphate, filtered, redissolved, and the solution again 

dialyzed, a further abundant precipitate comes down. The action 

of the ammonium sulphate has rendered a portion of the proteid 

susceptible of precipitation by dialysis. Again, if blood serum is 

precipitated by ammonium sulphate added to one-third or one-half 

saturation, and the portion thus isolated is redissolved, it will be found 

that the proteid in solution is precipitable by a less degree of satu- 

ration with ammonium sulphate than was the case with the original 

serum. The difference in the properties of the proteids caused by 

precipitation with ammonium sulphate is most clearly shown by the 

effect on heat coagulation. Facts of the following kind may be 

demonstrated. If blood serum is precipitated by one-half saturation 

with ammonium sulphate to remove the so-called serum globulin, and 

the filtrate containing the serum albumin is thoroughly dialyzed until 

no reaction is given with barium chloride, the solution thus obtained 

gives no distinct coagulum on heating. If the solution is concen- 

trated, an opalescence will develop on boiling, but no coagulum. 

Moreover, if sodium chloride, potassium chloride, or lithium chloride 

be added to a concentration of, say, two per cent, boiling still fails 

to give a coagulum; in fact, the presence of these salts may even 

prevent the formation of an opalescence. Addition, however, of a 

little ammonium sulphate or chloride, or the chlorides of magnesium, 

calcium, or barium will cause a flocculent precipitate when the 

solution is heated to 70°-75°C. On the contrary, if the precipitate 

of serum globulin thrown down by half-saturation with ammonium 

sulphate is redissolved and thoroughly dialyzed, the solution precipi- 

1 FREUND and JoacHIM: Loc. cit.’ 
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tates in part, and the precipitate after solution, as well as the portion 

not precipitated by dialysis, gives a heat coagulum at 70°-75° C. in 

the presence of sodium, potassium, or lithium chlorides. These facts 
would seem to indicate that serum albumin is a proteid whose com- 

binations with salts of sodium, potassium, or lithium are non-coagu- 

lable by heat, and in this respect different in a striking way from the 

serum globulin which coagulates readily in the presence of these salts, 

This conclusion is not borne out, however, by observations upon 

blood serum not treated with ammonium sulphate or upon blood 

serum completely saturated with ammonium sulphate. If, for in- 

stance, one takes normal blood serum and dialyzes it thoroughly, a 

certain small portion is precipitated. If this precipitate is filtered off 

and the filtrate is tested as to its heat coagulation in the presence 

of salts, no indication will be found of the existence of two proteids, 

one of which suffers heat coagulation in the presence of sodium, 
potassium, and lithium salts, and one of which remains uncoagulated. 

On the contrary, all of the remaining proteid that can be precipitated 

by heat comes down at a temperature of 85°C. or more in the 

presence of sodium, potassium, or lithium salts, and at a temperature 

of 70°-75° C. in the presence of ammonium salts. On the other hand, 

if the serum is precipitated by complete saturation instead of by 

half-saturation with ammonium sulphate, and the precipitate, con- 

sisting of both the serum globulin and serum albumin, is redissolved 

and thoroughly dialyzed, a certain portion of the proteids will be 

precipitated, the precipitate coming down in two parts,—one, the 

larger portion, appearing early in the dialysis, and one later, after the 

salts have been removed more completely. If these precipitates are 

filtered off and the clear, thoroughly dialyzed solution is heated 

after the addition of sodium or potassium chloride, all the proteid 
capable of heat coagulation comes down at 80°C. or below. It 
would seem from these results that so-called serum albumin left after 

half-saturation with ammonium sulphate is incoagulable by heat 

if no salts are present except those of sodium or potassium, but if 

first precipitated by ammonium sulphate, it is rendered coagulable 

in the presence of sodium and potassium salts also. It would seem 

evident from these facts that once the proteid of the blood serum 

or any portion of it is precipitated by ammonium sulphate its 

properties become altered; one may say in general that its solubility 
is decreased or its tendency to precipitation is increased. It is 

possible that this change may be due to the fact that the precipitate 
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with ammonium ‘sulphate is a compound of the proteid and this salt, 

and that when redissolved it goes into solution in this form as a 

proteid compound different from that formerly existing in the blood. 

Moreover, when a portion of the blood proteid (the globulin) is 

precipitated by ammonium sulphate, the portion left behind (the 

albumin) is also altered, as is shown by the difference in reaction 

toward heat coagulation in the presence of sodium and _ potassium 

salts, between serum dialyzed before and after half saturation with 

ammonium sulphate. The serum albumin in the latter case is not 

coagulable by heat in the presence of sodium or potassium salts 

alone, while in the former case it is completely coagulable in the 

presence of these salts, although with some difficulty. It would seem 

that the ammonium sulphate in throwing down a portion of the 

proteid (serum globulin) had rendered it more easily coagulable, but 

had left the albumin in a less readily coagulable form. All of these 

facts tend to throw suspicion upon our present system of classification 

of blood proteids so far as it is based upon the separation by satu- 

ration with the sulphates of magnesium, ammonium, or zinc. Precipi- 

tation by these salts alters the properties of the portion precipitated as 

well as of the portion left in solution. This fact, taken with the further 

fact that the portions of proteid separated by one-third or one-half 

saturation with ammonium or zinc sulphate fail to exhibit uniform 

reactions, would indicate that the method of salting out forms artificial 

lines of demarcation between the different proteids of the blood. 

To define a globulin as a proteid precipitated by half saturation with 

ammonium sulphate or by saturation with magnesium sulphate is 

unsatisfactory, since the portion left behind as serum albumin, if 

itself precipitated by further saturation with ammonium sulphate, 

may exhibit the properties of a globulin as tested by this reaction. 

The group definition that we give to the globulins is that they are 

insoluble in water free from neutral salts, and in accordance with 

this definition it would seem to be more appropriate to restrict the 

term serum globulin to that portion of the serum proteid which is 

precipitated upon complete dialysis. The proteid so precipitated 

seems to contain no lecithin or other phosporus-containing body. 

When dissolved in dilute solutions of sodium chloride, it coagulates 

at 68° to 70’ C, the precipitation being complete and precise. The 

proteid left in solution after the dialysis is, according to the usual 

nomenclature, a mixture of globulins and albumin, but the so-called 

globulin remains in solution no matter how complete the dialysis 
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may be. If, however, the remaining proteid is precipitated by 

ammonium sulphate, redissolved, and again dialyzed, a very large 

proportion will be precipitated. Evidently this portion is altered 

in some way by the action of the ammonium sulphate; a proteid 

that under its normal conditions acted like an albumin now gives 

the distinctive reaction of a globulin. The proportion of the proteid 

precipitable by dialysis seems to be greater when the serum is 

entirely saturated with ammonium sulphate than when it is half 

saturated with this salt, —a fact which would indicate that when once 

the proteid or any portion of it has come down in combination with 

ammonium sulphate, the presence of this salt in combination renders 

it less soluble and more easily precipitated by dialysis or heat. It 

would seem to be more consistent to designate as globulin only that 

portion of the serum proteid which is precipitated by dialysis when 

the unchanged serum is submitted to this process, and to call the 

remainder serum albumin, since it remains in solution in spite of the 

removal of all diffusible salts. Since, moreover, this portion forms a 

combination of some kind with lecithin or a lecithin-containing 

complex upon which its properties depend, it might be more appro- 

priate to speak of it as a lecitho-albumin compound. However 

precipitated, some phosphorus-containing material may be extracted 

from the precipitate, whereas the proteid thrown down from the 

original serum by dialysis alone is free from this material. 

Does a non-coagulable proteid exist in the blood ?— From the facts 

described in the foregoing pages it is evident that the precipitability 

of the proteids, and especially their property of heat coagulation, 

depend upon the character and quantity of the salts present. In the 

presence of ammonium sulphate and a slightly acid reaction all of 

the proteid comes down upon heating. But in serum containing only 

its normal salts there is a portion not coagulable by heat even when 

the reaction is distinctly acid. Some of the properties of this portion 

of the proteid have been described, and it is evident from these prop- 

erties that it does not belong to the group of proteoses and peptones. 

The important question arises as to whether this proteid exists 

normally in the blood or is an artificial product split off during 

the process of heating. This question is difficult or impossible to 

answer in a satisfactory way. As isolated by the process of heating, 

it is a proteid differing from both the serum globulin and the albumin 

as ordinarily described. It is characterized by its large content of 

phosphorus and iron; it differs from the serum albumin in being 
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more readily precipitated by ammonium sulphate, and in giving, when 

thoroughly dialyzed, a blue-purple reaction with the biuret test instead 

of a reddish purple; it differs from the serum globulin, on the other 

hand, in not being coagulated by heat after complete dialysis when 

salts of sodium, potassium, or lithium are added, resembling in this re- 

gard the so-called albumin. If, following the usual method of sepa- 

ration, solutions of euglobulin and pseudoglobulin are prepared by 

fractional precipitation of the serum with ammonium sulphate, and 

are then completely dialyzed to remove the ammonium sulphate, 

it will be found that on the addition of sodium or potassium chloride 

to the dialyzed solution the euglobulin is practically completely 

precipitated by heating in acid reaction, while the pseudoglobulin 

is incompletely precipitated, and the portion left in solution resembles 

the non-coagulable proteid left after heating the whole serum. Serum 

albumin prepared by repeated crystallization or by precipitating the 

serum with acetic acid after half saturation with ammonium sulphate 

is, as stated above, not coagulated at all by heating in the presence of 

sodium or potassium salts, but in the presence of a small amount 

of ammonium sulphate or chloride is practically completely precipi- 

tated upon heating. If therefore the non-coagulable proteid pre-exists 

in the serum, it is thrown down, in part at least, with the serum glob- 

ulin as usually prepared. The author, however, while unable to reach 

any perfectly satisfactory conclusion in this matter, has been con- 

vinced that this non-coagulable proteid is in reality an artificial 

product split off from the complex material present in the normal 

serum. This conclusion is based partly upon the inconstancy in the 

amount and the reactions of this material and partly upon the follow- 

ing consideration: When the whole serum is dialyzed, a portion of 

the proteid is precipitated, the true globulin. If to the balance 

of the serum one adds sodium chloride or potassium chloride to the 

strength of 1 to 2 per cent, and boils, practically all of the proteid is 

precipitated after one or two heatings. Subsequent addition of am- 

monium or barium chloride followed by heating causes no further 

precipitate. If the non-coagulable proteid were present, it should be 

left in solution, to be thrown down upon subsequent heating with 

barium or ammonium chloride, since its solutions are incoagulable in 

the presence of sodium or potassium salts alone. While this argu- 

ment is not conclusive, none of the facts that may be urged in favor 

of the pre-existence of this proteid is free from. the objection that it 

may be split off during the process of heating in acid solutions. 
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SUMMARY. 

1. After complete coagulation of blood serum at 8o00-85° C. in 

feebly acid reaction (acetic acid), there remains in solution a proteid, 

Chabrié’s albumon, which is not coagulated by boiling, but which may 

be incompletely precipitated by prolonged boiling, especially if the 

reaction is made strongly acid. 

2. This non-coagulable proteid is not a peptone or proteose. When 

precipitated by nitric acid, the precipitate does not clear up on warm- 

ing: it gives a blue-purple biuret reaction; it is not readily diffusible, 

and in the presence of salts of ammonia, barium, calcium, or magne- 

sium is coagulated by heating. When isolated from its solutions by 

precipitation with ammonium sulphate, added to one-half saturation, 

or by alcohol, it yields considerable phosphorus-containing material 

(lecithin), which may be removed completely by extraction with 

boiling alcohol. It contains also a distinct amount of iron. 

3. Blood serum from the fed or starved animal when submitted to 

dialysis in collodium tubes gives no indication of the presence of a 

perceptible amount of peptone or proteose. 

4. Serum albumin isolated in the usual way by half saturation of 

the serum with ammonium sulphate followed by complete dialysis, 

or precipitated from its solutions by acetic acid after the removal of 

the globulins and then redissolved and dialyzed, shows the peculiarity 

that its solutions when heated in the presence of sodium, potassium, 

or lithium salts give no heat coagulum. Addition of small amounts 

of ammonium sulphate or chloride, or barium, calcium, or magnesium 

chloride, causes the formation of a coagulum on heating. Solutions 

of the globulins after precipitation by ammonium sulphate, followed by 

complete dialysis of their solutions, are coagulated by heating in the 

presence of salts of sodium, potassium, and lithium, as well as those 

of ammonia, barium, calcium, and magnesium. 

5. The separation of the proteids of the serum into several glob- 

ulins and albumin by means of fractional precipitation with ammo- 

nium sulphate is unsatisfactory, inasmuch as the products isolated do 

not show uniform properties. Evidence is given that after a proteid 

has been salted out by ammonium sulphate its properties are changed 

in the direction of a greater susceptibility to precipitation by dialysis 

or heating. The reactions of the proteids, particularly the heat coag- 

ulation, must be considered with reference to the kind as well as the 

amount of salts present in the solution, 
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6. It is suggested that the term serum globulin be reserved for the 

proteid precipitated from normal serum or plasma by complete dialy- 

sis. This proteid shows a uniform and precise temperature of heat 

coagulation in solutions containing sodium chloride. The portion of 

the serum proteid not precipitated by dialysis shows the essential 

properties of an albumin modified by combination with lecithin or a 

Jecithin-containing complex. 



A MOLECULAR THEORY OF THE ELECTRIC 

PROPERTIES OF NERVE. 

By WILLIAM SUTHERLAND. 

N “ The Nature of the Propagation of Nerve Impulse,”! the theory 

was proposed that the nerve impulse is propagated by a shear 

along nerves, and at the same time it was pointed out that, the elastic 

properties of matter being of electric origin, the electric properties of 

nerve were implicitly involved in the theory. In the present paper it 

is proposed to show the connection between the elastic and the elec- 

tric properties of nerve explicitly by means of our knowledge of the 

proteid molecule and a theory of the structure of colloidal solids. The 

matter will be taken in the following order : — 

1. The elastic properties of jellies and their structural cause. 

2. The electric origin of rigidity in a jelly. 

3. Calculation of the charge of electricity required to stimulate a 

given nerve. 

4. Various quantitative electric properties of nerve. 

I. THe Evastic PROPERTIES OF JELLIES AND THEIR 

STRUCTURAL CAUSE. 

In jellies and the soft tissues like nerve the proteid material forms 

a network whose meshes are fine enough to retain the molecules of 

water in batches. The rigidity of a soft tissue or jelly belongs to its 

proteid framework. No doubt there are cases in which the proteid 

molecules attach molecules of water to themselves in a loose chemical 

combination, and thus associate water in the production of rigidity. 

On the other hand, water in sufficiency dissolves certain proteids, so 

destroying their rigidity altogether. The typical general case is that 

of a frdmework of proteid supporting an aqueous solution of proteid. 

1 SUTHERLAND: This journal, 1905, xiv, p. 112. 
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To form a conception of rigidity in a jelly of such a type the simplest 

way is to study jellies containing various amounts of dry gelatine per 

unit volume and exhibiting every stage of stiffness from the minimum 

up to that of dry gelatine. For concentrations below that giving 

minimum measurable rigidity we get colloidal solutions of the gela- 

tine in which the framework of proteid is no longer continuous, but 

broken up into the particles of the suspension. At lower concentra- 

tions still the suspension may disappear with merging of the colloidal 

type of solution into the ordinary. Apart from detailed theoretical 

considerations we should expect that the rigidity of a jelly is propor- 

tional to the amount of gelatine available for formation of framework, 

that is, to the excess of the total amount of gelatine above that which © 

gives minimum rigidity. This proportionality will not hold up to the 

maximum of pure gelatine, because when the amount of water is 

greatly reduced the structure of the proteid in the jelly resembles 

that of an ordinary continuous solid rather than an open framework. 

If a jelly then contains w, gm. of gelatine in a cm.*, when its rigidity 

is just measurable, the rigidity of a jelly containing w gm. of gela- 

tine will be given by the formula 

n=c(w— W,), (1) 

in which c is a constant so long as w has not a value near that for 

solid gelatine. This proposed relation can be tested by means of 

published experimental work. The measurements of A. Leick in 

« Kiinstlich Doppelbrechung und Elastizitit von Gelatineplatten”? are 

suitable. In his experiments he determined Young’s modulus g in 

grams weight per cm.” for various jellies, for which by the theory of 

elasticity g = 3 nearly. For a jelly of 1 part gelatine to 5 parts water 

Maurer? found g in dynes per cm.” to be 417,000 and xz to be 124,000, 

in approximate agreement with the theoretical requirement 7 = 3” 

nearly. Leick’s first set of measurements on jellies made with hard 

gelatine I find can be represented by 

g = 7700 (w — 0.066), (2) 

as the following comparison shows for jellies in which 1000 has the 

values given in the first row, with the experimental and calculated 

values of g in grams weight per cm2 in the second and third rows: 

1 Leick: Annalen der Physik, 1904, xiv, p- 139: 

2 MAURER: WiepEMANN’S Annalen der Physik, 1886, xxviii, p- 628. 
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OOGf., + + « + Too 102 186 = 189 300 320 450 

gexperimental ... 242 266 978 977 1545 2157 2944 

gcalculated . . . 254 27° 916 939 1795 1948 2950 

Here the differences between calculation and experiment lie in sucha 

way as to show that experimental uncertainty is the cause. The 

variabilities of gelatine jelly are well known, being referable probably 

to the change of a gelatine into the § gelatine of M. Traube, which 

does not jell. Leick’s results for jellies made of soft gelatine can be 

expressed by g= 4800 (zw —0.065 ) with the following comparison : 

fOpppie =e 20 1260 Tez 075° 190 208 283 317 456 

g experimental’. 295 323 323 620 578 619 1000 1189 2327 

qgealculated . . 293 293 298 528 600 686 1047 1210 1877 

In this series of jeilies except the strongest the agreement between 

calculation and experiment is as good as the experimental conditions 

allow. In both series of experiments at ordinary temperature the 

Young’s modulus and the rigidity of solutions of gelatine containing 

less than 0.065 or 0.066 gm. per cm.’ appear to be negligible, so that 

the jellies experimented upon may be considered to consist of a fluid 

solution containing about 0.065 gm. of gelatine per cm.® supported by 

a framework of pure gelatine containing (w—0.065) gm. per cm.’ of 

the jellies. The proposed linear relation between ¢ and w applies 

equally well to the results of E. Fraas in “ Elastizitat von Gelatine- 

lésungen.” } 

Having thus found the rigidity of a jelly to be a matter of frame 

structure and proportional to the amount of frame structure present, 

we proceed to investigate the connection between the rigidity of a 

jelly and the elastic properties of the material forming the frame 

structure. The rigidity of a frame is due to the resistance of its ties 

and struts to extension and compression. Long struts unless later- 

ally supported offer little resistance to shortening. In a jelly we can 

suppose the contained fluid to give enough lateral support to those 

proteid threads of the mesh which receive thrust to enable them to 

act as struts. Thus the rigidity of a jelly depending entirely on the 

resistance of its ties to lengthening and of its struts to shortening de- 

pends directly on the Young's modulus of the proteid threads form- 

ing the framework or network. Let ABCD bea section of a unit 

cube of jelly which is supposed subjected to a shearing strain pro- 

1 FRAAS: WIEDEMANN’S Annalen der Physik, 1894, lili, p 1074. 
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ducing displacement to A’B'CD. If AA’ is small, A A'/ AD measures 

the angle A D A’, which is the amount of the shear. Now, according 

to the usual analysis of strains, this shear may be regarded as the 

elongation of DB to DB’, accompanied with the shortening of CA 

to CA’, lines in the unit cube perpendicular to the plane of the 

reo” Rete babee being unaltered. If DB'/DB=1+6 

= ae it follows from the same analysis that 

| CA'/CA =1—«, and the shear A A'/AD= 

| 2€=s, say, so that e = 5/2. Now, in our unit 

| 

cube the threads of proteid run at random in 

all directions, but for purposes of easy ap- 

| proximate calculation we may suppose them 

—————¢ equivalent to a distribution in which one- 

third of their number 7z run parallel to DB, 

one-third parallel to C A, and one-third perpendicular to the plane of 

the paper. Hence two-thirds of the proteid material is involved in 

elongation or contraction of amount s/2. But the stresses due to these 

elongations and contractions of the proteid ties and struts in the unit 

cube are found by multiplying the strain by 4,, which is Young’s 

modulus for the proteid threads, and by the sectional area A of 

each and by their number 2 2’, namely, g, (3) A (2%) =¢,s Az. Nome 

3 J, = mM» the rigidity of the proteid stuff of the threads, so that the 

stresses are z,s 4m, and the rigidity of the jelly is, dm, and is directly 

proportional to the rigidity of the proteid material of the threads and 

to their number per unit volume. This brings us back to the prin- 

ciple discussed above; that the Young’s modulus and the rigidity of 

a jelly are proportional to the amount of gelatine or proteid forming 

the continuous framework. 

We have now to form the simplest molecular conception of the 

structure of framework in a jelly. Towards that end I shall give a 

brief summary of a theory of the colloidal state which I have already 

communicated elsewhere. The salient properties of colloids may be 

traced to the one fact that their contiguous molecules combine 

chemically with one another by means of valencies which are often 

latent. For example, N in NH; is trivalent, though in NH,Cl it is 

pentavalent. In extension of the Helmholtz theory of valence I have 

proposed! to express the trivalence of N by associating with it 

three negative electrons each denoted by 2, and the pentavalence by 

adding a doublet consisting of one positive electron 2 and a negative 

1 SUTHERLAND: Philosophical magazine, 1902 [6], iii, p- 174. 
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2. In NH, these two opposite electrons keep so close to one another 

as to neutralize almost completely one another’s action, leaving N to 

act as trivalent. But in NH,Cl the ¢ of H and the? of Cl cause 

this latent doublet 2 of N to open out and become chemically effec- 

tive. In this way most of the important cases of dual valency in the 

elements can be interpreted. Now, in a frozen mass of NH,, if the 

doublet 2 of each N atom were to open out so that 9 in one attracted 

£ in a neighbor on one side while 2 attracted > of a neighbor on 

the other, the molecules of NH, would become united chemically 

with one another in chains. The ordinary chemical definition of a 

molecule would break down. Each of the tangled chains would be 

a molecule of a polymeric form of NH. In an extreme case the 

whole lump of frozen NH, might be one endless chain, a single mole- 

cule. This imaginary case with NH, illustrates the proposed theory 

of the colloidal state, namely, that it is due to the chemical union of 

neighboring molecules through valencies which have ceased to be 

latent. Ina colloid, then, the usual molecule ceases to be a separate 

entity; it becomes a pattern which is repeated. Such a pattern I pro- 

pose to call a semplar. A colloid is an indefinite collection of sem- 

plars. A single file of semplars gives us the simplest form of the 

proteid thread forming the meshes of network or the ties and struts 

in the framework of a jelly. Each proteid semplar must have 

numerous electrons by which it can join to others, so that the single 

files can unite with one another chemically where they come in con- 

tact, this chemical combination corresponding to the knotting of 

threads in a net and to the junction of ties and struts in engineering 

frameworks by pins and rivets. When the water is all driven out of 

a jelly, the single files of semplars form cross connections at so many 

points, and so much latent valency is called into action, that the 

proteid becomes practically a different substance, having higher 

rigidity than that belonging to the semplars in single file. That is 

why our formula (1) and (2) for jellies cannot be made to include the 

case of dry gelatine. I have found the rigidity of dried sciatic nerve 

of the sheep to be hundreds of times as large as that of the fresh 

nerve, and the experimental results with coagulated white of egg and 

with gelatine jellies are similar. Having arrived at a definite mechani- 

cal structure for jellies and tissue substance, we can now proceed to 

connect it with their electrical properties. 



302 William Sutherland. 

Il. THe Evecrric OrtciIn oF RIGIDITY IN A JELLY. 

In “The Electric Origin of Molecular Attraction” and “The 

Electric Origin of Rigidity and Consequences ” 1 cohesion and rigidity 

are traced to electric doublets #2 in molecules and atoms. As regards 

rigidity the essential point in the theory is this: Consider a doublet 

2> whose unstrained position of equilibrium is 4 B 

RAY A while A’ B is the position when 4 is sheared to A’, 

Work is done in moving 3 from A to 4! against the 

attraction of &. This is the work of elastic distor- 

&.B tion. It is shown that at the absolute zero of tem- 

perature the rigidity of a metal is equal to the 

electrostatic energy of its molecular doublets in unit volume. Hence 

we must trace the rigidity of a nerve or a jelly to electric doublets in 

the proteid semplar. The simplest conception of this doublet, accord- 

ing to current electrical thought, is like the old one of a magnet, which 

was treated as two opposite poles of strength # at the ends of its 

length / and having a magnetic moment p/. So the electric doublet 

in a molecule, atom, or semplar may be regarded as formed of two 

opposite electron charges of the amount ¢ associated withions. These 

are ata distance s apart, which is of the order of magnitude of the 

diameter of the molecule or semplar. For the rigidity V of a metal at 

absolute zero the formula established 21g 

mv 

as ER 
gies (a (3) 

p 

in which K is the dielectric capacity (specific inductive capacity) of 

the metal, 7 the mass of the molecule, and p the density of the metal, 

Mm. 
. 

so that i is°the volume of a molecule. At higher temperatures a 

rather important temperature factor comes in with metals, but in the 

case of substances like proteids it is probable that the ordinary tem- 

perature factor is of small importance, because the movement of the 

parts of a semplar can have little effect in changing the average effec- 

tive value of s, unless with the oncome of so profound a change as 

that of coagulation. Hence for the rigidity , of a thread of proteid 

in the framework of a jelly or nerve we write 

1 SUTHERLAND: Philosophical magazine, 1902 [6], iv, p. 625, and 1904, vii, p. 417. 

2 Loe. cit. 
; 
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es (4) 

Treating s as equal to the diameter of a semplar assumed spherical 

Mey RL MENTS? oly Hane 
and therefore having — = as? this gives 

P 

240 

are < ©) 
To find X for proteids we may use Maxwell’s relation that A’ is equal 

to the square of the index of refraction. In its solutions gelatine has 

an index of refraction 1.53; so K=2.3. As regards the size of s, the 

diameter of a proteid semplar, we shall assume that it is of about the 

same order of magnitude as the diameter of the molecule of egg 

albumin when dissolved in water, which I have shown to be about 

15 times that of the hydrogen molecule.!| The limiting volume of 

a gram molecule H, being 8.6, that of the albumin molecule is 

27,000. Now, the diameter of the hydrogen molecule is 2 x 10% 
cm., so we get s=30 xX 10%. And e is known to be 3x10” 

electrostatic units. Hence from (5) 7, =4 x 10’ dynes percm.”. But 

in formula (2) it appears that the proteid threads in a gelatine jelly 

have a Young’s modulus g,=7700 gm. weight per cm.”, so that 

experimentally we get 7, = 2570 gm. weight per cm.?= 2570 x 981 

dynes per cm.2= 25 x 10°. This is the ;}; part of the value just 
calculated. If we take s for the proteid semplar in gelatine twice 
as large as the 30 x 10° used above, we obtain a calculated value 

of ”, equal to ;+ of that found above and identical with the experi- 

mental value. Thus we have arrived at the important result that the 

rigidity calculated for the proteid threads in jelly from molecular 

and electrical considerations is of the right order of magnitude. We 

can express the velocity of propagation of a shear through the 

framework or through the jelly, namely, y or v2 using the 

appropriate p in each case, in terms of the electrical properties of the 

_ proteid semplar by means of our expressions for #0 and x. It is 

possible that in the propagation of nerve impulse the shear is confined 

to the proteid framework as suggested in my previous paper; it is 

1 SUTHERLAND: Philosophical magazine, 1905 [6], ix, p. 781. 
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also possible that the shear is such as involves movement of the fluid 

supported by the framework, in which case the framework would be 

loaded with the fluid and would propagate a shear more slowly than 

if it were unloaded. But as we have taken the work of the shear 

to be that of separating the electrons of the semplar doublets, we 

have given explicitly an electrical theory of the propagation of nerve 

impulse. Nerve impulse is propagated by electrical displacements 

of such a nature that they are accompanied with corresponding 

material displacements of the semplars, whence the slowness of the 

propagation of nerve impulse. 

Ill. CALCULATION OF THE CHARGE OF ELECTRICITY REQUIRED 

TO STIMULATE A GIVEN NERVE. 

A certain electrical polarity having been shown to account for the 

propagation of shear in a jelly or dead nerve and of nerve impulse 

in a living nerve, we must consider more closely the difference 

between dead and living nerve. I take it that the chief difference 

is this: in dead nerve and jelly the polarities of the proteid sem- 

plars are distributed in random directions; in living nerve they are 

not, but have a preponderating direction which they can maintain 

or restore while life lasts. The clearest proof of this directed 

polarity in living nerve is the distribution of potential in an excised 

length of fresh nerve giving electromotive force between the bound- 

ing cylindrical surface and the cut sections at each end. On the 

average this E. M. F. is about 0.03 volt. Now, if we regard the 

state of the electrically neutral dead nerve as an arbitrary standard 

of zero strain, then the E. M. F. can be attributed to a state of strain 

maintained in the living nerve by a similar process to that by which 

E. M. F. is caused by strain in a piezoelectric crystal. In the 

insulating crystal the act of straining produces a definite separation 

of the two sorts of electricity. If these were allowed to flow as 

current, the E. M. F. would die away and would be renewed only by 

further strain. In the excised portion of living nerve there is some 

provision of energy for keeping up the E. M. F. as long as life lasts. 

Possibly the action in living nerve is intermittent, the semplars being 

strained one way while manifesting external E. M. F. and sending 

current externally, then relaxing and producing the opposite E. M. F. 

whose current is short circuited internally. Each semplar is thus 

a source of alternating current, the positive. phases of which are 
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summed externally and the negative internally. This is matter for 

further investigation, but I propose for the present to associate the 

E. M. F. of living nerve with the existence of a certain strain in 
the nerve, that strain consisting of a directed polarity of the doublets 
in the semplars. This view is considered again in more detail in 

section 4. Experimentally we know that the strain produces a 

distribution of negative electricity over the cut ends of the piece of 

excised nerve and of positive electricity over its bounding cylindrical 

surface. Now, if a charge of negative electricity is given to the cut 

end of a nerve, it may be considered to neutralize some of the 

positive electrons of the terminal semplars, thus destroying part 

of their polarity. Indeed the whole polarity of the terminal 

semplars in the cut end of the nerve may be abolished by a 

large enough negative charge, and the equilibrium of all the chains 

of semplars in the nerve will be upset. This electric disturb- 

ance of the semplar constitutes the central fact of nerve exci- 

tation. But we have to distinguish between a disturbance which 

stimulates and one which depresses. Now, we have seen that 

the strain in living nerve must be such as liberates negative elec- 

tricity at the cut ends of excised nerve. Hence negative electricity 

imparted to the cut end must intensify the strain which is character- 
istic of the living state. Positive electricity must lower the strain 

characteristic of the living state. Thus we are led to identify stimu- 

lation of a nerve with increase of the strain of vitality, and depression 
with decrease. As to mechanical stimulation of nerve, we need only 

remark that mechanical stimulus always consists in straining the 

nerve substance in some way. When the strain increases the strain 

characteristic of vitality, it stimulates. If we choose, we can inter- 

pret mechanical stimulus as electrical by supposing the strain to 

produce E. M. F. in the same way as in a piezoelectric crystal. 

Stimulation of nerve by electrolytic solutions has been shown by 

Mathews to be electrical in a way for which I have tried to provide 

a simple theory in a previous paper in this journal. As regards 

stimulation of nerve by non-electrolytic solutions, Mathews traces 
it to osmotic pressure, so it becomes virtually a branch of mechanical 
stimulation. In this way we bring all the types of nerve stimulation 

under the one heading of a strain consisting of an electrical 

displacement with an associated material displacement. 

To calculate the minimum amount of electricity (negative) for 

stimulating a nerve we can proceed in the following way. Let us 
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assume that a single negative electron given to each semplar in the 

cut end of a nerve constitutes the minimum. Of a vertebrate nerve 

about one-third is solid matter, of which about one-fourth is proteid, 

so one-twelfth of a nerve is proteid. Concerning the number and 

size of the axis cylinders in nerve, I made some observations on sec- 

tions of the external popliteal of the dog kindly given me by Dr. B. 

Kilvington from material gathered in his work on nerve regeneration. 

The mean radius of the axis cylinder is 0.0004 cm., and the mean area 

of its section is 0,0000005 cm.?. In the nerve there were 4200 axis 

cylinders, so that the sum of their sectional areas was 0.0021 cm.”. 

In sections of the sciatic nerve of the frog kindly prepared for me by 

my brother Mr. James Sutherland I found the mean radius of the 

axis cylinders to be 0.00036 cm. and the sum of all their sectional 

areas to be 0.0021 cm.2, This is for a medium-sized frog on which 

most of the experiments on nerve stimulation have been made. 

We have now all the data requisite for calculating the amount of 

electricity necessary to give each semplar in the end of a frog’s 

sciatic a single negative electron. With the formula found for egg 

albumin, namely, Cy43gHoggaNgs9Oss2515 tts molecular mass is 32,814 

times that of the hydrogen atom, which is 2 X 10% gm. So the 

mass of the albumin molecule is 66 x 10-7! gm. In acm2 of nerve 

21 
e 10 

there is 7 gm. proteid, and therefore GEES semplars assumed to 

have the mass of egg albumin molecules, say, 108. Hence on a 

cm2 of section of a nerve there are 10” semplars. Each of these 

receiving the electron charge 3 x 10 electrostatic units, the 

charge per cm.” is 300 units. Hence for a nerve in which the 

sum of the areas of the axis cylinders is 0.0021 em.2 the charge will 

be 0.63 units. Now G. Weiss2 has found the minimum charge for 

stimulating frog’s sciatic to be of the order 10~® coulomb = 3 elec- 

trostatic units. The value just calculated, namely, 0.63, is of the 

same order of magnitude as the experimental 3. Hence the electri- 

cal stimulation of nerve is explicable on the same principles as have 

been used to account for the propagation of nerve impulse with 

the same order of velocity as shears through jellies. It has been 

shown in a previous paper that Mathews’ experiments on chemical 

stimulation lead to about the same measure of the amount of 

electricity required to stimulate a nerve as the direct determinations 

of Weiss. 

1 Loc. cit. 2 Weiss: Comptes rendus, 1901, exxxii, p. 1068. 
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IV. Various Quanrirative Evecrric Properties oF NERVE. 

In this section it is proposed to apply the preceding principles to 

account for certain specific properties of nerve. The most important 

of these is the discovery of Weiss already considered, namely, that 

stimulation depends upon quantity of electricity rather than upon 

quantity of electrical energy. This simple outcome of the classical 

work on electrophysiology and the more recent researches of Hoorweg, 

Hermann, Dubois, Waller, and others forcibly recalls Faraday’s funda- 

mental law of electrolysis, namely, that the amount of substance elec- 

trolyzed is proportional to the quantity of electricity used and not to 

the electric energy consumed. Weiss finds further! that if the 

quantity of electricity g required just to produce minimal effective 

stimulation is communicated to the cut end of a nerve in time ¢, 

g=a+bdt, (6) 

where a and are constants for a given nerve preparation. This im- 

portant formula has been extended in an interesting way by M. and 

Mme. Lapicque,? who found that in invertebrates, if v is the voltage 

applied to a nerve muscle preparation for time ¢, then taking w/ as 

proportional to the g of Weiss, since the resistance of the preparation 

is constant, 

g=a+ bt—c2, (7) 

where a, 4, and ¢ are constants for a given preparation, but vary from 

one preparation to another. The interpretation of Weiss’s formula is 

this. The quantity a of electricity is that which gives one negative 

electron to each semplar in the cut end of the nerve and accentuates 

the strain in the nerve just enough to give minimal response in the 

attached muscle. If the electricity @ is not given instantaneously, but 

in time 7, there is loss by conduction at rate 4, and more than the 

minimum @ has to be given to make good the loss and bring the 

amount of electricity on the nerve end at the time 7 just up to a. 

Hence g=a+6¢. Now, for frog’s sciatic in Weiss's experiment a is of 

the order 10-* coulomb. The voltages used in such experiments aver- 

age about 1 volt per cm. of the preparation, and the resistance of 

frog’s sciatic nerve is about 10° ohms per cm., so the quantity of elec- 

1 WerIss: Lac, cit. 

2 LapIcQUE: Comptes rendus, 1903, cxxxvi, pp. 1147 and 1477. 
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tricity flowing through is about 10 coulombs per second, and hence 

the necessary 10~* coulombs would escape in to * second. There- 

F : b 
fore, with the second as unit of time, - ought to be about 10%. Ac- 

a 

cording to the Lapicques,! for a preparation with the gastrocnemius of 

b : 
a frog (Rana esculenta) ~= 3 * 10%, and for Rana temporaria 14 x 10°, 

v ¢ 

for the gastrocnemius of the toad (Bufo vulgaris) 8 x 10°, while Cluzet 

. peas : b 
with sciatic preparations of the frog” finds — = 15 x 107. These are 

a 

not far in order of magnitude from the estimated value 10%. In nerve 

and muscle of the forceps of a crab (Carcinus maenas) the Lapicques 

find = 30, and for the mantle of Aplysia punctata 10. As to the 
4 

origin of the term —c v introduced by the Lapicques into the formula 

of Weiss, I take it to be the following. A nerve can be stimulated 

electrically either by receiving a direct charge or by being subjected 

to electric force without communication of a charge. In applying 

voltage to a nerve muscle preparation there is stimulation both by 

charge and by electric force, a certain intensity of electrical force 

being equivalent to the minimum stimulating charge a. Suppose a 

voltage 7 applied to the preparation by electrodes at distance d apart, 

. . VU . . . . . . 

then the electric force is zi which is equivalent in stimulating power 
é 

kv F : 
to a charge 7? where & is a constant for the preparation. Hence, 

Ud 

if 7 is the amount of electricity given to the nerve end, we must add 

ee : ; 
to it == to express the total electric cause as a quantity; then, as 

6 

above, we have to provide a term b¢ for loss during time ¢ and thus 

obtain g + ee 
d 

picques, if the c of their formula varies inversely as d, a point deserv- 

ing experimental investigation. Evidently much may be expected 

from a full investigation of all the terms of (7) for a great variety 

of typical preparations. 

— q+ bt, which is equivalent to the formula of the La- 

In further illustration of the utility of a physical theory of nerve 

action we shall estimate the order of magnitude of the stress in nerve 

1 Lapicque: Comptes rendus, 1995, exl, p. 537: 

2 Cruzer: Jbid., 1903, Cxxxvii, p- 670, and 1905, cxl, p- 1116. 
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which could produce, or be produced by, the average E. M. F. of 0.03 

volt between cross section and surface. In the absence of data con- 

cerning the piezoelectric properties of nerve, and remembering that 

nerve can maintain a current, whereas piezoelectric crystals do not 

do so, we shall nevertheless calculate the stress required to give an 

E. M. F. of 0.03 volt between two faces of a quartz thread of square 

cross section suitably cut from a quartz crystal. Suppose the side of 

the square to be 0.1 cm. and the length of the thread to be 1.0 cm. 
Such a thread of quartz in spite of its simplified square section is a 

fairly good life-size model of a piece of nerve usually studied. It isa 

small form of the Quartz Piézoélectrique, the standard instrument 
designed by J. and P. Curie for illustrating the laws of piezoelectricity 

discovered by them. The thread is supposed cut from a hexagonal 

prism of quartz so that its length is perpendicular to any one face of 

the prism, and its breadth parallel to the axis of the prism. A weight 

of 1 kilogram hung on the lower end of this thread placed vertically 

causes a negative charge of electricity to appear on one of the two 

faces of the thread which are separated by the thickness, and an equal 

positive charge on the opposite face, the amount of each being 

l p . ; 
0.063 : electrostatic units, where / is the length of the thread and e 
: : : U 
its thickness. For our special thread - = 10, and the charges pro- pad a 

duced by the weight of a kilogram are 0.63. But if 4 is the breadth 

of the thread, the difference of potential between the two charged 

47 e é 

1b 1b 
the difference of potential becomes 47 x 0.63 electrostatic units = 

2400 volts. Hence, to produce a difference of potential 0.03 volts 

between the two faces, there would be needed a weight of only 

0.03 /2400 kilogram at its lower end, say, 0.01 gm. With this small 

stress we can obtain in our quartz thread the same difference of 

potential between opposite faces as appears between the cut end and 
the cylindrical bounding surface in excised nerve. If nerve were an 

insulator, we should have a fair amount of prima facie evidence for 

believing that the observed potential difference in it is of piezoelectric 

origin and associated with a suitable type of strain. But as nerve is a 

conductor, though of high resistance, we have to find in it some 

source of energy capable of maintaining the E. M. F. and its asso- 

ciated current. The expenditure of energy involved is very small; 

faces is times the charge. For our special thread ae 
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for 1 cm. of nerve it is of the order of that given by 0.03 volt through 

10° ohms, or nearly {2 erg per second. This represents a very 

minute drain on the total amount of chemical energy latent in acm, 

of ordinary netve. The prime distinction between a_ piezoelectric 

crystal and nerve is that the crystal cannot supply for itself energy 

even at this small rate; if it ceases to insulate, it loses the E. M. F. 

due to strain; whereas nerve in spite of its electrical conductivity 

maintains its E. M. F. for hours. Nerve showing this similarity to a 

battery, it might be urged that the origin of nerve E. M. F. should be 

sought in voltaic rather than in piezoelectric analogies. It seems to 

me that in nerve we have to do with a novel sort of molecular battery 

worked on piezoelectric principles. For in the semplars of living 

nerve we may have motion which is directed because of the semplars 

being similarly attached to one another. In a single file of semplars 

we might expect rotation round the direction of the single file to pre- 

dominate. This would give polarity to the single file, and could pro- 

duce a separation of the two sorts of electricity just as the impressed 

polarity of stress in a quartz crystal does. But the energy required 

to produce this separation of the electricities is derived from the store 

of rotational energy of the semplars, and not from an external source. 

If the separated electricities run together as current, the rotating 

semplars will separate more. In this way they produce current and 

permanent E. M. F. by drawing upon their stock of rotational 

energy. In this idea of the existence of directed motion within the 

semplars we come back to the principle of the gyrostat, which Kelvin 

in his Baltimore lectures showed to be of such fundamental import- 

ance in molecular physics. At any rate, there is an excellent experi- 

mental field of inquiry open in the piezoelectric properties of nerve 

and muscle. The difficulties of the work are increased by the con- 

ductivity of these tissues, but sooner or later electrophysiologists will 

need to attack the inquiry by appropriate methods. Every physical 

method of investigating polarity in nerve and muscle will have to be 

brought into operation. For instance, the electric organ of Malapte- 

rurus shows electrical resistance four times as great longitudinally as 

transversely. This is but one type of method for measuring directed 

properties in tissues. The foregoing is an attempt to formulate a 

theory of the physics of molecular polarity bearing upon the problems 

of physiology. It will be noticed that the cell, the physiological unit 

of structure, does not appear in the present theory, which goes back 
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to the chemical unit, the molecule or semplar. Justification for going 

behind the cell is to be found in the existence of primitive nerve 

properties in unicellular organisms. The present theory is not limited 
to nerve, but applies to any action similar to nervous which goes on 

in living matter. 

MELBOURNE, AUSTRALIA. 





PHYSIOLOGICAL AND PHARMACOLOGICAL STUDIES 
OF MAGNESIUM SALTS.—IV. THE RELATIONS OF 
THE SALTS. TO THE PERISTALSIS OF THE GASTRO- 
INTESTINAL CANAL. 

By S. J. MELTZER ann JOHN AUER. 

[From the Rockefeller Institute for Medical Research Al 

HE non-stimulating effect of magnesium salts, — In our first paper 

on the physiological and pharmacological effects of magnesium 
salts! we stated that the basis for our studies was the hypothesis 
that magnesium favors essentially or exclusively inhibitory processes 
in the animal body. The facts brought out so far by our experiments 
are all in harmony with this hypothesis. There is, however, one 
familiar action of magnesium salts which is interpreted by many 
writers as due toa stimulating effect of the salts, we mean the ca- 
thartic action of sulphate of magnesium. As is well known, many 
older writers have assumed that the purgative effects of certain salts 
are due partly or exclusively to an increase of the intestinal peri- 
stalsis (Buchheim, Aubert, Thiery, Radziejewsky, and many others). 
Recently J. Loeb? stated that all the salts which give rise to hyper- 
sensitiveness of nerve and muscle act as cathartics when introduced 
into the intestine, and suggested that the saline purgatives facilitate 
the production of peristalsis by increasing the irritability of the nerves 
and muscles of the intestine. On the basis of this hypothesis J. B. 
MacCallum ® carried out a series of experiments in which certain 
saline purgatives were injected subcutaneously and intravenously, 
His results were that ‘all those salts which act as purgatives when 
introduced into the stomach or intestine, have the same action when 
injected subcutaneously or intravenously.” He stated explicitly that 
“magnesium sulphate, when given subcutaneously, is no less active 

1 MELTZER AND AUER: This journal, 1905, xiv, p. 366. 
* Logs, J.: Studies in general physiology, 1905, Part 11, p- 759. 
* MacCattum, J. B.: This journal, 1903, x, p. ror. 
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than sodium sulphate.” MacCallum arrived at the conclusion that 

“the essential feature in the action of saline purgatives is not their 

presence in the lumen of the intestine, but their absorption into the 

blood, and the production by them of a condition of hypersensitive- 

ness of the nervous system controlling the intestine.” Here we have 

then a pronounced theory supported by experiments that purgatives, 

magnesium sulphate included, produce peristalsis by increasing the 

sensitiveness of nerve and muscle of intestines; in other words, here 

we seem to have an instance in which magnesium salts do not 

inhibit but stimulate activity. 

In taking up the discussion of this question we must state at the 

outset that we cannot support the statement of MacCallum concern- 

ing the purgative effect of magnesium sulphate when given subcuta- 

neously. MacCallum quotes Claude Bernard as holding a similar 

opinion. Hay,’ however, has shown that Bernard’s opinion was 

not based upon any experiments which he made himself. On the 

other hand, Buchheim, Donders, Rabuteau, and many other writers 

who have experimented with subcutaneous and intravenous injections 

of magnesium sulphate positively deny the purgative effect of mag- 

nesium salts by this method of administration. In the numerous 

experiments which we made with subcutaneous injections of mag- 

nesium salts in dogs, cats, rabbits, etc., we did not meet with a single 

case in which the subcutaneous injection led to an immediate or late 

appearance of purgation or even simply to more frequent stools.” 

We may state here, further, that also in the second series of experi- 

ments,’ in which magnesium salts were repeatedly given intrave- 

nously and the animal observed for many hours, no purgation took 

place. We may therefore consider it as an established fact that sub- 

cutaneous and intravenous injections of magnesium salts do not 

produce purgation. 

We have, however, to distinguish between the causation of purga- 

tion and the production of peristalsis. In the experiments carried 

out by one of us (A.),* with sodium sulphate, sodium citrate, and so- 

dium phosphate, it was found that while subcutaneous and intravenous 

injections of these salts produced no purgation, they often caused a 

moderate but definite increase of the peristalsis of some parts of the 

1 Hay: Journal of anatomy and physiology, 1882, xvi, p. 245- 

2 MELTZER AND AUER: This journal, 1905, xiv, p. 386. 

8 MELTZER AND AuER: /0id., 1905-1906, Xv, P- 387- 

4 Aver: This journal, 1906, xvii, p- 15. 
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intestine. It was therefore necessary for us to establish by direct ex- 

periments, in the first place, whether intravenous injections of mag- 

nesium salts are capable of starting or increasing intestinal peristalsis, 

that is, whether magnesium salts are capable of producing some 

stimulating effect upon the intestines. 

We have made a large number of such experiments and we can 

state our results in a few words: not in one single experiment did 

the intravenous injection of magnesium salts produce peristalsis in a 

quiet part or increase it in an already moving part of the gut. 

Magnesium salts apparently do not increase the sensitiveness of 

nerves and muscles of the intestine. Whatever the cause of the 

purgative action of magnesium salts may be, it is safe to say that the 

action is not an instance of the stimulating properties of magnesium 

salts. 
The inhibitory effect upon the peristalsis.— Knowing now that sub- 

cutaneous and intravenous injections of magnesium salts do not bring 

on intestinal peristalsis, the question arose whether our hypothesis 

could not be tested just by this phenomenon, that is, whether existing 

peristalsis could not be inhibited by these salts. In studying this 

aspect of our question, we were however confronted with the obstacle 

that spontaneous intestinal peristalsis is an unreliable phenomenon. 

There would be, in the first place, no peristalsis when we were 
ready to inhibit it. Furthermore, the cessation of a peristaltic move- 

ment after an injection of magnesium salts could not be considered as 

a safe proof of the inhibitory effect of the salts, since such a cessation 

frequently enough occurs also spontaneously. To study this side 

of the question satisfactorily, we had therefore recourse to the pre- 

vious employment of such means as bring out more or less reliably 
peristaltic movements or other contractions of the intestinal canal. 

The methods of observation of the abdominal viscera employed in 

this series of experiments were the same which we have used in our 

studies of the action of ergot upon the gastro-intestinal canal, and 

we refer to the detailed description given in that article In the 

present study, however, the experiments were confined to rabbits. 

For anesthesia morphin or ether or both were used. 

The following is a brief account of our results: 

The inhibition of the peristalsis brought on by saline purgatives. — 

In a previous article by one of us? the results of experiments were 

1 MELTZER AND AUER: This journal, 1906, xvii, p. 142. 

2? AUER: This journal, /oc. cit, 
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recorded in which sodium sulphate, sodium phosphate, or sodium 

citrate were administered by subcutaneous or intravenous injections. 

It was found that these injections brought on moderate peristaltic 

movements of some parts of the gut, or caused a moderate but defi- 

nite increase of previously existing peristalsis. Many of these ex- 

periments were utilized by us for a study of the inhibitory effect of 

magnesium upon the peristalsis produced by these salts. The fol- 

lowing brief extract from the proctocols will illustrate the results. 

Experiment 1.— Rabbit, morphin. . . - 4.24 P.M. injected subcutaneously 

15 c.c. sodium citrate %. 4.55 +: - entire small gut shows peristalsis. . . - 

5.01, injected slowly x ¢.c. 25 per cent MgSO, into right ear vein.» » 

peristalsis of gut disappeared almost entirely immediately after injection. 

Experiment 2.— Rabbit, morphin. . . . 4.07, 15 ¢.C- sodium citrate # given 

subcutaneously. . . . 5-10, injected subcutaneously 15 c.c. sodium sul- 

phate 7. 5-55; peristalsis fair in upper gut, slight in lower gut. /7- 

jected 1 6.c. magnesium sulphate 25 per cent into left ear vein.  Peristalsis 

stopped almost entirely shortly after injection. « . 

Experiment 3.— Rabbit, morphin. . . . 1-20 P.M. injected subcutaneously 

15 c.c. sodium phosphate (Na,HPO,) ¥- - - - 3:35, entire small gut 

moves well, ascending colon active, transverse colon and cecum quiet. 

3.42, injected slowly into left ear vein i Cc. 25 per cent MgSO. 3-455 

small gut shows only slight swaying, definitely diminished, descending colon 

is perfectly quiet. 3-47, slight movements begin in descending colon and 

small gut. . . - 3-57; 2 €-C. sodium phosphate % injected into left ear 

vein. . . . 4.05, small gut shows fair pendular movement, descending 

colon shows good constrictions. 4-07, injected 1 c.c. MgSO, 25 per cent 

into ear vein. At end of injection small gut practically quiet, descending 

colon still shows good travelling contractions. 4.08, descending colon 

quiet, distended by gas. 

In these and other similar experiments, with saline purgatives the 

intravenous injection of a small dose of magnesium sulphate (or mag- 

nesium chloride) abolished or at least considerably diminished any 

peristalsis present. As a rule the peristalsis gradually returned after 

an interval of rest lasting between six and fifteen minutes. The peri- 

staltic movements after the injection of the saline purgatives was 

rarely very active, and their inhibition, although very definite, was 

not a very striking phenomenon. 

We have tried to obtain the paradoxical result of inhibiting a peri- 

stalsis brought on by a per os administration of magnesium sulphate. 

We failed, however, to see any peristalsis after administration of even 
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large doses of these salts. Van Braam Houckgeest! and other writers 

met with similar experience. However, we made only few experiments 

of this kind, and we shall not dwell on this subject for the present. 

Inhibition of peristalsis produced by ergot.—In the following we 

give short abstracts of protocols from experiments made with ergot: 

Lxperiment 4. — Rabbit, ether (cord destroyed below fourth dorsal vertebra ; 

ergot intravenously 1 c.c. twice; viscera observed through abdominal 

muscles, etc.). 2 P.M., abdomen opened under saline. 2.05, small gut 

distended and shows good pendular movements, descending colon shows 

good peristalsis, colon shows only slight movements. 2.11, énjected 

through jugular vein 1 cc. MgSO, 25 per cent. 2.12, small intestines 

and colon stopped moving entirely, descending colon still moves well (very 

distended with gas). 2.25, lower small gut begins to move. 2.28, colon 

shows slight contractions. 

Lixperiment 5.— Rabbit. 2 p.m., received 50 c.c. magnesium sulphate per 

stomach tube. Ether. Skin removed and viscera observed through 

muscles. . . . 4.06, abdomen opened under saline. Observed until 4.24, 

no motion anywhere. 4.27 and 4.33, 1 c.c. of ergot in left ear vein 

4-35 small gut shows good circular contractions and pendular movements, 

colon shows travelling peristalsis. 4.39, very strong travelling peristalsis 

in lower small gut, colon very active. 4.40, 1 ¢.c. MgSO, 25 per cent in 

right ear vein.. After injection small gut and colon perfectly quiet, no 

sign of motion. 4.45, small gut perfectly relaxed, filled partly with yel- 

lowish fluid; colon quiet. Respiration good. 4.53, slight movements 

begin now in small gut; colon quiet. 

In the experiments with ergot, in which the intestinal peristalsis 

was often very active, the inhibitory effect of magnesium was very 

striking and lasted often from ten to fifteen minutes and even 

longer. ; 

Inhibition of peristalsis produced by eserin.— 

Experiment 6.— Rabbit, ether. 11.30, abdomen opened in saline bath. 

11.37, NO movement of gut seen so far. 11.39, 0.2 ¢.c. of eserin sulphate 

(0.5 per cent) injected through jugular vein. 11.44, active movements 

of small gut, colon, stomach, cecum. 11.47, 0.1 c.c. eserin injected. 

Powerful contraction of small intestines, colon, and stomach followed the 

injection. Some convulsions set in; relieved by artificial respiration. 

11.49, 1 60. of MgSO, 25 per cent injected into the jugular vein. 11.50, 

entire gut relaxed, quiet, no motion. Artificial respiration stopped, animal 

‘Van Braam HouckGeest: Archiv fiir die gesammte Physiologie, 1872, vi, 
p- 266 
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breathes spontaneously. Stomach still shows deep contractions. 11-54, 

some pendular motion in upper part of small gut. 12.07, lower small 

gut, ascending colon and czecum quiet, transverse colon shows fair 

travelling peristalsis. Injected 0.2 c.c. eserin. Same effect as before. 

Injection of x ¢.c. MgSO, 25 per cent quieted the animal and relaxed the 

gut which became perfectly motionless. 

Experiment 7.— Rabbit (has diarrhoea), ether. Abdomen opened under 

saline. Entire intestine shows fair travelling peristalsis. 2.07, injected 

into jugular 0.2 c.c. eserin (0.5 per cent). Contractions of small gut 

increased in vigor. . . . 2-30, injected 0.1 C.c. eserin. ‘Tetanic local 

contractions of gut. Marked tremor of animal. Injected 0.9 c.c. MgSO. 

25 per cent. Some diminution of tremor and some relaxation of small 

gut set in, but still some contractions persisted. njected a few minutes 

later again 0.9 cc MgSO,. The relaxation was now marked and the 

tremor disappeared. 

In these and other experiments the inhibitory effect upon violent 

peristaltic or tetanic contractions was beyond doubt. 

In these experiments the interesting fact was observed that mag- 

nesium sulphate conpletely inhibited the general muscular tremor caused 

by eserin. 

Inhibition of peristalsis produced by barium chloride. — 

Experiment 8.— Rabbit, morphin. Abdomen opened under saline. No move- 

ments anywhere. 11.12, injected into jugular vein 0.5 C.C. # barium 

chloride, followed by injection of 1 C.c. saline to wash down contents of 

cannula. 11.13, powerful travelling constrictions of small gut which 

repeatedly drove down fluid into cecum. 11.24, powerful travelling 

constrictions of caecum, peristaltic and antiperistaltic waves. Strong 

waves also in stomach and on part of colon. 11.37, same as before 

except that small gut shows now only some pendular movements. 11.42, 

injected 0.5 c.c. BaCl. # not followed by saline. At once powerful con- 

strictions swept down the small intestine ; colon and small gut blanched, 

respiration became rapid, and animal shaken by convulsive movements. 

Artificial respiration given for a few minutes, convulsions disappeared. 

11.48, small intestines show good constricting and pendular movements, 

cecum and colon show strong peristalsis. 11-52, injected 1 ¢.¢. mag- 

nesium chloride (approximately molecular solution) into jugular vein, not 

followed by saline. Shortly after movements of entire gut stopped, only 

very slight swaying of some coil of lower small gut persisted for a while. 

11.54, 1 c.c. of saline injected into cannula of jugular vein to wash down 

the remaining MgCl. 11.56, no motion anywhere. Respiration became 

very shallow and artificial respiration given. At 12.20, 0.3 cc. BaCh 
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was injected again and followed by saline. This brought on powerful 

contractions of the intestines which was completely stopped by injections of 

magnesium chloride. 

Experiment 9.— Rabbit, morphin, abdomen opened under saline. No sign 

of motion anywhere. 2.32, injected 0.3 c.c. # BaCl, into jugular, no 

saline. Powerful contractions in all parts of the abdominal viscera. 

About 20 minutes later the vigor of the contractions diminished and the 

movements were interrupted by periods of rest. 2.56, injected again 

0.3 c.c ¥ BaCl,, followed by 1 c.c. of saline. Same powerful effect as 

before, ascending colon showing much more frequent contractions, caecum 

shows powerful travelling constrictions. Small intestines and colon show 

still good powerful travelling constrictions. 3.24, injected slowly \ CC. 

MgSO, 25 per cent into jugular vein, not followed by saline. Respiration 

slowed, but artificial respiration not necessary. Movements all over the 

intestines stopped, small gut relaxed. 3.27, as before except that ascend- 

ing colon shows slight travelling ripples. Injected 1 c.c. of saline /o 

wash down rest of MgSO, into circulation. Motion stopped. 

The injection of magnesium sulphate overcame the powerful effects 

of BaCl,, and the inhibition of the intestinal movements took place 

even when the injection of the magnesium salts was insufficient to 

embarrass the respiration to any serious degree. 
After the above records of the inhibition of such powerful peristaltic 

movements it is hardly necessary to mention that the intravenous in- 

jection of magnesium salts inhibits the normal intestinal movements 

occurring occasionally spontaneously in the saline bath; or those 

appearing after the destruction of the cord below the fourth dorsal 

vertebra. It is perhaps not superfluous to state expressly that the 

intravenous injection of the magnesium salts inhibits the peristalsis 

brought on by exposing the coils to the air, since the peristaltic move- 

ments here are caused apparently by external, local stimuli of change 

of temperature, and drying. As to the peristalsis caused by other 

powerful local stimulation, we cannot make any definite statement as 

to the effect of an intravenous injection of magnesium salts upon 

them, since we made no systematic studies on that point. In the few 

instances in which BaCl, or KCI were applied locally to the gut, the 

intravenous injection of magnesium salts did not abolish the local 

constrictions. However, it might be only a question of differences 
in concentrations: the locally applied salts were in molecular solu- 

tions, while the magnesium salts reaching the local constrictions by 

the circulation are obviously greatly diluted by the blood. 
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We can also report that the post-mortem intestinal peristalsis in 

animals which received (ante-mortem) intravenously magnesium salts 

is considerably less in evidence than in normal animals. We have 

observed it incidentally in studying the effects of intravenous injec- 

tions of these salts on vital processes, and we have seen it also ina 

special study in which the post-mortem peristalsis of animals killed 

by magnesium salts was compared with that of animals killed by 

calcium salts. The latter subject will be dealt with later in conjunc- 

tion with other problems in another paper. 

Finally, we should mention especially that the intravenous injec- 

tions of magnesium salts inhibit not only the peristaltic movements of 

the small intestines, but also the movements of the other parts of the 

gastro-intestinal canal, when present, namely, the movements of the 

stomach, the czecum, and the entire colon. On account of the occa- 

sional great distension by gas, the movements of the descending colon 

are frequently difficult to subdue. 

SuMMARY. 

Subcutaneous and intravenous injections of magnesium salts pro- 

duce neither purgation nor intestinal peristalsis. The purgative 

action of these salts is therefore no evidence for their stimulating 

effect. 

The moderate peristalsis produced by exposing the intestines to 

air, by destroying the dorsal cord or by intravenous or subcutaneous 

injections of certain saline purgatives, and the powerful peristaltic 

constrictions produced in all parts of the gastro-intestinal canal by 

intravenous injections of ergot, eserin, or barium chloride can be 

completely inhibited by an intravenous injection of magnesium sul- 

phate or chloride in doses insufficient to embarrass the respiration 

to any serious degree. 

The post-mortem peristalsis of animals which received intravenous 

injections of magnesium salts is considerably less in evidence than 

that of normal animals. 

As an additional fact, which was observed in these experiments, 

may be appended here that the intravenous injection of magnesium 

salts inhibits the muscular tremor produced by intravenous injections 

of physostigmine. 



AN IMPROVED OPERATIVE METHOD OF FORMING AN 

EXPERIMENTAL ACCESSORY (PAWLOW) STOMACH 

IN THE DOG. 

By JOHN C. HEMMETER. 

[Baltimore.| 

| his article on the Physiological Surgery of the Digestive Tract, 

J. P. Pawlow,! after considering the advantages and disadvantages 

of previous experiments upon the stomach, gives a description of 

two new operative methods. The main object of Pawlow’s new 

operation is to secure gastric juice for physiological purposes by 

preparing an accessory stomach in such a way that the secretory 

fibres of the organ shall not be injured, that the juice can be 
obtained in a pure state, that is, without admixture of food, and 

yet the glandular apparatus be stimulated from the interior surface 

of the gastric mucosa as it is under normal conditions. 

This operation has proved very difficult even in the hands of 

skilled abdominal surgeons, and when performed under perfect 

aseptic technique. The animals do not, as a rule, die from infection; 

they seem to die from the prolonged etherization. The object of the 

reporter was to devise an operation accomplishing the same purposes 

as that of Pawlow, and yet capable of a more rapid execution because 

of greater simplicity in plan. An incision is made almost along the 

same line as the original incision of Pawlow, but the object of this 

incision is not to divide the stomach into two parts, for it is only 

carried through the anterior wall of the stomach. (Pawlow’s incision 

goes through the anterior and posterior wall.) The object of my in- 

cision is simply to enable the operator to push the mucosa of the stom- 

ach out through the line A 2 (Fig. 1) by invaginating the fundus or 

greater curvature through it. Next an incision is made only through 

the mucosa in a semicircular way, from the greater curvature at C to 

the greater curvature at D, going about as high as the lower third 

1 PawLow: Ergebnisse der Physiologie, Erster Jahrgang, 1 Abt. p. 258. 
221 32 
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of the stomach, or one-third of the distance between the greater 

and lesser curvature, along the line F & G (Figs. 3 and 4). The 

E 

Ficure 1.—A 8B, line of Pawlow first Ficure 2.—Effect and appearance after 

incision. C, vagus and anterior first incision according to Pawlow. The 

gastric plexus. J, vagus and poste- lines 4B, AB, and DB are closed by 

sutures. The accessory stomach is made 

out of the part enclosed by letters BC, 

DE. The stomach is made into two 

compartments by sewing together two 

layers of mucosa after they are dissected 

loose — along the dotted line BC. 

rior gastric plexus. , esophagus. 

incision goes through the mucosa only; the mucosa then is very 

slightly dissected off on either side of the incision not more than is 

necessary in order to catch hold of it with the forceps, for the pur- 

FIGURE 4. 
Ficure 3. Pawlow’s origin operation. — 4, 

Line of sutures. 8, abdominal wall. The 

dotted lines represent mucosa. 
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pose of getting sutures through the cut ends of the mucosa. The 

incision is made both on the anterior and posterior walls of the 

stomach. As far as possible the incisions must be parallel to each 

other, so that when the semicircular incision on the anterior wall is 

approximated to that on the posterior wall of the stomach, they 

coincide exactly. These two incisions are next united by silk sutures 

beginning at the point C on the greater curvature, and making sure 

Ficvre 5.— G, fistula on anterior abdominal FIGURE 6. 

wall. 

that the angle of the pouch is tightly walled off from the greater 

part of the stomach by the sutures at this point C. The sutures are 
then carried along the semicircular incision from Cto & to D. In 

this way the anterior and posterior walls are united by an inner row 

of silk sutures, which are inserted no deeper than the muscularis 

mucosz. This has to be done by pushing the part of the greater 

curvature (C & D in Fig. 4) through the incision A 2. When 

the anterior and posterior gastric walls are thus united along the 

lines C E Dand C" E" D", a circular pouch is formed (CE DG, 

in Fig. 4), separating this part of the stomach from the rest. 

Next the opening in the anterior gastric wall along the line A B 

is closed by sutures, a fistulous opening is made at G, and this point 

attached to the external abdominal wall as in Pawlow’s method. On 

cross section of the stomach along the line / G (Fig. 4) the appearance 

of the main and accessory stomach when viewed from the fundus 

would be as represented in Fig. 6. The question might be asked, 

what becomes of that part of the large incision through the mucosa 

which faces the smaller or accessory stomach along C to & to D on 
. 
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the inner side of the accessory stomach, because no mention has 

been made that this is closed by sutures. In most of my animals 

I have permitted it to take care of itself, for it heals within eight to 

ten days, as subsequent opening of the gastric cavity at this point 

has proved. The secretory fibres of the vagus are not injured in this 

operation, which is simpler of execution, requires less time than the 

Pawlow operation, and accomplishes all that this operation aims at. 

A difficulty met with constantly in all animals thus operated on is the 

erosion and autodigestion of the skin around the abdominal opening. 

This untoward complication is due to the proteolytic effect of the 

gastric juice and to pressure by the rubber tube or cannula used to 

establish an outlet from the experimental accessory stomach. If the 

dog is permitted to lie down, there will be still larger erosions, 

because the abdominal integument comes to rest in a pool of 

escaped gastric juice. 

Two things are of great assistance in this difficulty: one is the 

support of the animal by two broad bandages passed under the thorax 

anterior to the fistula and under the abdomen posterior to the same, 

fixing the dog to an upright holder so that he cannot lie down. 

The animal becomes reconciled to the holder and bandages in a few 

days and learns to rest and sleep in this fixture. If other animals are 

in the same room, the dog operated on must be blindfolded, because 

the secretion of gastric juice is notably influenced by psychic pro- 

cesses, caused by actions of the experimenter and the behavior of 

other animals. 

Another helpful factor is the dressing of the integument around 

the abdominal wound during the entire time in which the animal 

is under actual observation, that is, during the hours when juice is 

collected and even during the hours of rest. The main object of 

this dressing is to render the gastric juice inert and at the same 

time to protect the surface of the skin. After testing a number 

of substances as dressing powders I finally settled on simple zinc 

oxide made alkaline with sodium bicarbonate,—about one part of 

sodium bicarbonate to five partsof zinc oxide. During the hours 

of rest this powder is applied liberally all around the cannula or 

rubber discharge tube. But during the hours of collection of juice 

care must be had lest some of the alkaline powder fall into the 

collecting bottles and neutralize the juice. It had best be wiped off 

by a little absorbent cotton before the bottle is applied. While the 

juice is being collected it rarely spreads to the surrounding integu- 

- 
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ment and the dressing is not so much needed then. It is in the 

intervals between the periods of actual collection and study that the 

oozing of gastric juice causes the cutaneous erosion. In sewing 

the experimental accessory stomach to the abdominal integument, 

the gastric juice at times penetrates along the silk sutures into the 

depths of the skin. All these stitches must therefore be sealed 

by an alkaline collodion reapplied daily, and no experimental work 

undertaken until healing is complete. The manner of feeding 

the animal during this period is described in Pawlow’s original 

publication. 
1 Loc. cit. 



THE RELATION OF OPTICAL STIMULI TO RHEOTAXIS 

IN THE AMERICAN LOBSTER, HOMARUS 

AMERICANUS. 

By PHILIP B. HADLEY. 

[From the Biological Laboratory of Brown University and the Experiment Station of 

the Rhode Island Fish Commission.] 

I. INTRODUCTION. 

HE older theories regarding the cause of the orientation of ani- 

mals in currents of water and air have taken into account only 

the possible factor of pressure. The most important generalizations 

upon this subject are from Verworn and Radl, and are mentioned by 

Lyon! in a paper whose object is to introduce, as a possible cause of 

the rheotactic reaction in some animals, three factors: a true sense 

of the unequal pressure in different portions of the environment; 

a certain variety of contact irritability ; and a purely optical stimulus. 

The older conception of rheotaxis as given by Rad] may be seen 

in the following quotation from his work, “ Untersuchungen uber 

den Phototropismus der Tiere,” mentioned by Lyon. Speaking of the 

Ephemeride, Rad] says: 

‘They react very sharply to a gentle current of air, turning the head 

toward the current of air, but without leaving the place in which they 

are floating. The air current acts by exerting pressure on the body 

surface of the animals, and evidently tends to draw the body into the 

direction taken by it. On the contrary, the fluttering wings strive 

to lift the body upward and forward. The points of application of 

this force, lifting the body, and the force of the air current need be 

only very slightly separated ; and a force couple will result that will 

rotate the body until the two forces, the muscle force and the force 

of the air current, draw the body in opposite directions. .. . 

“Tt is easy to pass from the rheotropism of the Ephemeride to other 

1 Lyon: This journal, 1904, xii, p- 149. 
326 
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analogous phenomena of rheotropism. It will everywhere be found 

that the pressure of the air currents acts as one force, and contraction 

of the muscles as the other.” 

Some writers, as Verworn, make use of the collective term baro- 

taxis, and include under this head stereotropism, geotropism, and 

rheotropism, assuming that all the reactions included in these groups 

are the result of pressure. Rheotaxis, according to Verworn’s defini- 

tion, is that form of barotaxis “in which the stimulus is produced by 

a gentle current of flowing water.” ‘ This,” Verworn continues, “ is 

the peculiarity belonging to certain organisms of taking toward flow- 

ing water a direction of motion opposed to the direction of the 

current. Since these organisms thus turn toward a pressure stimu- 

lus, rheotaxis is merely a special form of positive barotaxis.” 

With such a criterion of rheotaxis in mind, this phenomenon has 

been attributed to the behavior of many different kinds of animals. 

Wheeler! finds, in the orientation of animals flying in the wind, a 

certain form of rheotropism which he calls anemotropism, and which 

he discusses as follows: 

“Tt requires but amoment’s consideration to see that anemotropism 

is only a special form of rheotropism. . . . The only difference lies in 

the fact that the insect reacts to a gaseous, the fish and myxomycete 

to a liquid current. In both cases the organism naturally assumes 

the position in which the pressure exerted on its surface is symmet- 

rically distributed, and can be overcome by a perfectly symmetrical 

action of the musculature of the right and left sides of the body. 

Such explanations of rheotropism as these which have been men- 

tioned bring it at once into the field of the motor reflex theory upon 

which rests the theory of tropisms as it is still held by many investi- 

gators. According to this view, certain reactions in animals result 

from the unequal stimulation of opposite sides of the body, and pro- 

duce, in consequence, a turning either in one direction or the other. 

To quote again from Verworn : * 

“ Thus the phenomena of positive and negative chemotaxis, baro- 

taxis, thermotaxis, phototaxis, and galvanotaxis, which are all so inter- 

esting and important in all our organic life, follow with mechanical 

necessity as the simple results of differences in biotonus which are 

produced by the action of stimuli at two different poles of the animal 

cell.” 

1 WHEELER : Archiv fiir Entwicklungsmechanik, 1599, vili, p- 373- 

2 Verworn: General physiology, 1899, p. 503. 
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And again: 

“ They [the tropisms in general] depend, first, upon the specific 

irritability of certain elements of the body surface; and, second, upon 

the relation of symmetry of the body. Symmetrical elements at the 

surface of the body have the same irritability ; unsymmetrical ele- 

ments have a different irritability. .. . These circumstances force 

an animal to orient itself towards a source of stimulus in such a way 

that the symmetrical points on the surface of the body are stimulated 

equally. In this way the animals are led, without will of their own, 

either toward the source of the stimulus or away from it.” 

A certain departure from the view of rheotaxis which these theo- 

ries of the tropisms demand, has been made by Lyon, who suggests 

that the rheotactic responses of many kinds of animals may be partly 

due to optical stimuli. His conclusions in the matter may be stated 

as follows: 

1. In rheotropism the chief element of stimulation is the environ= 

ment, not the current. The current is responsible for the orientation 

only in so far as it causes a relative motion beween the fish and its 

environment. 

>. Contact between fishes and stationary objects in their environ- 

ment may produce an orientation. This, however, is due to the 

action of the current in sweeping the fishes past stationary objects. 

3. Relative velocities of the medium in different parts of the 

environment may cause orientation. Here the case is similar to the 

above; for, if a part of the medium moves while another part is at 

rest, the sensation to the fish is probably similar to that derived from 

the contact with solid objects. 

‘Having now examined these sources, we may assume that rheo- 

taxis is a form of behavior found in very many animals, and is, in all 

cases, in some way connected with the movement of an environment 

with relation to the position of the animal in that environment. At 

the present stage of our inquiry we cannot vouch for more than this 

fact. Thus, without entering into a further discussion of this point, 

it is the purpose of the writer to introduce the fact that certain of the 

free-swimming stages of Homarus manifest the phenomenon of 

rheotaxis in a high degree, and to present the records of a few 

experiments which show to some extent the relation of optical 

stimuli to this mode of behavior. 
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II. PROCEDURE. 

The normal swimming of the lobster. — It may be of some advan- 

tage to consider, first, the methods of swimming of the lobster in its 

early stages of development. On a basis of morphology and behavior 

alone, the life of the lobster may be divided into three periods : (a) the 

first three stage periods (the larval stages); (4) the fourth stage period, 

which is the characteristic free-swimming period ; (c) all later stages. 

During the first period the swimming apparatus consists of the exo- 

podites of the thoracic appendages which beat the water with short 

vibratory strokes. If the appendages are extended (forward), the 

stroke of the exopodites becomes forward and downward, and the 

resulting motion of the larval lobster is upward and backward. 

When, however, the thoracic appendages are contracted (directed 

posteriorly ),! the resulting motion of the young lobster is forward and 

upward. The progressive movement of the lobster in the first three 

stages is almost wholly dependent upon these two methods of swim- 

ming, together with their concomitant variations, which are more or 

less subservient to varying conditions of temperature, light, and other 
‘environmental factors. Bodily conditions (physiological states), so 

far as they influence the manner of voluntary swimming, are not of 

consequence at this period of the lobster’s life; and for this reason 

no evidence of rheotaxis is observable in the behavior of these stages 

in the life of Homarus. 

When, on the other hand, we come to consider the behavior of the 

fourth stage lobster, the condition is different. The swimming appen- 

dages, characteristic of the first three larval stages, have been lost in 

the recent molt. The swimmerets, however, on the under side of the 

abdominal segments, are now functional in a high degree, and upon 

their use is dependent the forward swimming of the lobster in this 

stage. He now swims with directness and purpose, usually near the 

surface of the water, —a phenomenon which may be determined by 

the influence of light, or, more probably, by a food-seeking impulse.? 

\ The writer hopes ata later date to consider the relation between the photo- 

tactic responses of the larval lobster and the degree of extension or flexion of the 
thoracic appendages. 

2 In a series of experiments the full results of which will be published at a 

later date, the writer has learned that, if clam juice be introduced through a glass 

tube into the bottom of a cylinder where a group of fourth stage lobsters are rest- 
ing, there is an immediate flocking to the surface, where active swimming is main- 

tained for some moments, in spite of the fact that there is no trace of clam juice or 
other stimulating agent in this area. 
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Preliminary observations on rheotaxis. — When the writer’s atten- 

tion was first directed to this subject by Dr. A. D. Mead at the Wick- 

ford Hatchery of the Rhode Island Fish Commission, it was apparent 

that a very slight current of water in the large hatching-bags would 

initiate a marked rheotactic reaction on the part of the fourth stage 

lobsters, and, further, that this response appeared to be more definite 

by night than by day. It was further noted that this rheotactic reac- 

tion was more strongly evinced in the earlier part of the fourth stage 

period, and that in the later part of this period and in the succeeding 

fifth stage the bottom-seeking tendency on the part of the confined 

lobsters often obscured further manifestation of the rheotactic phe- 

nomenon, A favorable opportunity was soon presented at the Wick- 

ford Experiment Station to study the rheotactic proclivity of large 

numbers of lobsters, in all stages, in the large canvas hatching-bags 

where they were confined. In these bags, which were twelve feet 

square and about four feet deep, the movement of a paddle, revolving 

on a shaft at the bottom of the bag, served to create a constant cir- 

cular current in a clockwise direction. In many of these bags in 

which the eggs were hatched, the young lobsters were raised to the 

fourth or sometimes to the fifth stage; and in all these series there’ 

could be observed the modification of the swimming process as the 

young lobsters slowly passed on from stage to stage. In the first 

three stages the swimming was always uncertain and desultory, though 

in the third stage lobster there could often be observed a slight ten- 

dency to retain better the equilibrium in the water. 

By the time that the first few individuals had molted into the fourth 

stage, however, one could observe distinctly the contrast between the 

methods of swimming in the third and fourth stage lobsters. While 

the third stage individuals were borne along unresistingly in the 

strong circular current, the fourth stage lobsters, on the other hand 

(even within a minute after molting into this stage), would turn 

directly, head to the current, and maintain their swimming in this 

direction so actively that, if the current was not too strong, they 

would often make some headway against it. This characteristic 

manner of swimming was evinced in an ever-increasing number of 

lobsters, until the whole body of them had passed into the fourth 

stage; and then it was a most interesting sight.to observe the young 

animals, with hardly an exception, heading into the current, and, as 

one great phalanx, following their circular course, — but, because of 

the force of the current, backwards. 



Relation of Optical Stimuli to Rheotaxis. 331 

In this instance, just as in the case of fishes swimming in the cur- 

rent of a stream, we find the lobsters themselves suspended in a body 

of water which is moving at acertain rate and in a circular course 

about the central paddle shaft. The question here arises, Is the re- 

sulting orientation of the lobsters the result of the pressure of the 

water? The discussion of this question may for the present be 

deferred, for we are not now able to state to just what extent water 

pressure may be responsible for the orientation of the lobsters in the 

large hatching-bags. We may, however, call further attention to some 
of the actual conditions of the manifestation of this phenomenon. It 

can be noted that the rheotactic response is observable both by night 

and day, but is possibly more definite at night (a fact which, to say 
the least, does not favor the view that the reaction is due to an opti- 

cal stimulus). Moreover, when the reaction-is temporarily interrupted 

by the introduction of obstructions, or by creating other currents in 

the bag, the rheotactic response is manifested again directly, as the 

cause of the interruption has ceased and the primary current again 

comes into force. It may be noted, further, that light under certain 

conditions may modify in a great degree the nature of the rheotactic 

response. In daylight one could observe that the definiteness of the 

reaction was greater when, in the course of the revolutions about the 

central shaft, the lobsters came into a shaded area, as, for instance, 

the shadow of the gearing or of the framework of planks surround- 

ing the bags. In passing suddenly from such a shaded area into 

the bright sunlight (and especially if the head be turned in this 

direction), the reaction might be momentarily lost until the lobsters 

had passed on into another shadow, or had come into such a posi- 

‘tion that their heads were no longer directed toward the brightest 

light. 
These observations, made upon the lobsters in daylight, were 

further supplemented by others made during the twilight and dark- 

ness, when, no matter what traces of desultory swimming might have 

been evinced during the day, the rheotactic reaction was most defi- 
nitely manifested. It was furthermore determined that, just as the 

definiteness of the rheotactic reaction during the daytime might be 

lost temporarily by swimming from shadow into full light, so might the 

reaction at night be modified or totally annihilated by introducing, at 
various angles to the current, the intense rays from an acetylene 

light. No matter at what angle the pencil of rays was introduced, 

one result followed: the annihilation of the rheotactic reaction as a 
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result of the effort to swim in the direction of the most intense rays 

of light. 

Somewhat later, as the group of fourth stage lobsters molt into the 

fifth stage, the definiteness of the rheotactic response is diminished 

until at last, when the fifth stage has been reached by all the indi- 

viduals, there are none left to manifest any swimming tendency 

whatever. Thus there comes and disappears in the life of a lobster 

the “swimming stage,” and with it the very definite rheotactic 

reaction. 

It was these observations that led the writer to make some attempt 

to discover whether or not an optical stimulus might produce the 

so-called rheotactic response in the fourth and later stage lobsters. 

Apparatus. — The apparatus for the experiments consisted of (1) a 

glass dish for confining the lobsters, and (2) a mechanical device for 

rotating a visual field, or, as we shall hereafter speak of it, the “ en- 

vironment,” around the lobsters, which were placed in the dish men- 

1 Thus, as the writer has explained in another paper (HapLey: Rhode Island 

Fish Commission Bulletin No. 25, 1906; also, Science, 1905, xxii, p. 675), we may 

observe the following modifications in the rheotactic reactions of the fourth stage 

lobsters, due to the direction in which the light rays strike the water-course in which 

the animals were swimming: 

1. If there is no current in the bag, and the pencil of rays is introduced verti- 

cally into the water, the lobsters gather in the illuminated area and tend to swim in 

the direction of the light-rays toward the source of illumination. (The fifth or 

later stage lobsters, and sometimes even the late fourth stage, will not give this or 

the following reactions. ) 

2. If the current is in motion, and the pencil of light is introduced at right 

angles to the direction of the current, the lobsters tend to swim in tangential lines 

to the current, or so that they move as nearly as possible in the direction of the 

incident rays of light. 

3. If the pencil of light is so introduced that the rays stream opposite to the 

direction of the current, the definiteness of the rheotactic response is, if possible, 

accentuated. 

4. If the pencil of light is so introduced that the rays stream in the same di- 

rection as (or tangent to) the direction of the current, the rheotactic reaction in 

the illuminated area is broken because of the fact that the lobsters turn in the cur- 

rent, swim with it, and tend to approach the source of illumination; although, in 

so doing, the force of the current of water quickly sweeps them past the illuminated 

area. 

5. If the source of the rays be gradually withdrawn from the bag containing 

the lobsters, in a “serpentine curve,” in such a manner that the direction of the 

rays is constantly changing, but at every point is tangent to the said curve, the 

lobsters may be made to follow in the same “serpentine” path, at the same time 

quite loosing their orientation to the directive influence of the current. 
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tioned above. In order to keep the lobsters near the margin of the 
dish, where they might be more readily influenced by the moving 

environment, a second, smaller dish, filled with sand, was placed 

within the first, thus forming a ring of the outer portion of the 

FiGurE ].—Side view of device used 

for rotating an environment around 

the lobsters. A, rod from which 

glass dish is suspended; WW repre- 

sents section of circular path about 

inner glass dish; SS represents sec- 

tion of glass dish containing sand, 

placed within the larger dish; & 

represents the cardboard cylinder 

placed over the drum (2), and con- 

taining’ the “windows” (C). J7 

represents the direction of rotation 

of the environment. 

larger receptacle. In this ring the 

lobsters might travel in either direc- 

tion, — clockwise or counter-clock- 

wise (Figs. 1 and 2). 

The device used for rotating an 

environment about the lobsters, con- 

fined as described above, consisted 

of a modified kymograph, so ar- 

ranged that the speed could be reg- 

ulated at will. For the environment, 

FIGURE 2. — Top view of the device used for 

rotating an environment around the lob- 

sters. represents the outer cylinder of 

cardboard (the environment); W repre- 

sents the circular path around the inner 

glass dish (.S) filled with sand; C represents 

the “ windows” in the cardboard disk un- 

derlying the bottom of the larger glass dish ; 

ZL represents the direction of the incident 

light rays striking the dish; O represents 

the obstructing objects which determine 

the direction of the light striking the dish; 

R represents the direction of the rotation 

of the environment. 

a cylinder of cardboard, containing at the upper end longitudinal 

slits (‘windows’), was placed over the drum so that it would 

revolve with it; this cylinder also projected two inches beyond the 

top of the drum so that within this projecting portion might be 
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suspended the dish containing the lobsters. This dish was so hung 

that the bottom was one-eighth of an inch above the top of the drum, 

the projecting cardboard extending a slight distance above the top of 

the dish (Fig. 2). Furthermore, a disk of cardboard, slitted radially, 

was placed over the top of the drum and beneath the bottom of the 

suspended dish, in order to afford a moving environment beneath the 

lobsters. 

By means of this contrivance it is clear that, when the drum was 

set in motion, the cardboard cylinder surrounding the suspended dish 

would rotate; and likewise the card disk beneath the dish. Thus, 

from the standpoint of the lobsters, although the water in which they 

were swimming was absolutely motionless, the environment on both 

the side and bottom would be continually moving in the direction of 

the rotating drum, —in this case, counter-clockwise. 

Method of recording results.—In the greater number of experi- 

ments, the reaction of 5 or 10 individuals was tested at the same 

time. These lobsters were placed in the circumscribed area of the 

dish and this dish placed directly over the drum and within the 

cardboard cylinder. The lobsters were then allowed ten or fifteen 

minutes to become acquainted with their new surroundings. After 

this period of time readings were taken to determine whether, when 

the environment was not in motion, there was any appreciable ten- 

dency for the confined lobsters to travel to a greater extent in a 

clockwise or in a counter-clockwise direction around the central 

dish. These records were taken at the end of each minute for a 

period of eight minutes. The first preliminary tests, while no drum 

was in motion, demonstrated at once that there existed an unex- 

plainable tendency for the lobsters to travel around the central dish 

in the clockwise direction. Forty-eight readings in six sets of ex- 

periments, each set involving the use of from 5 to 10 lobsters, showed 

that while 137 individuals moved in a counter-clockwise direction, 213 

moved clockwise. When it was attempted to discover the reason for 

this tendency, manifested even before the drum was set in motion, 

it transpired that the directive influence of the light coming from the 

windows in the room where the experiments were being performed, 

was responsible for this behavior. It appeared that the rays of light 

coming from the two windows on opposite sides of the dish, because 

of interposed objects, struck the dish in tangential lines on opposite 

sides (Fig. 2); so that on one side of the circular compartment the 

rays came from the left, while on the side diametrically opposite, they 
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came from the right. Thus the direction of the light stimulus re- 

sulted in determining the direction of movement of the young lobsters 

(at all times away from the source of light), and compelled them 

to travel in a clockwise path about the inner dish. Since it was not 

possible at the time of experimentation, because of the position of the 

windows, to produce a uniform lighting on all sides of the lobsters, 

it was deemed best to allow the conditions to remain as they were 

in these preliminary tests. For this reason, if an optical stimulus, 

caused by the rotating environment, should have any directive influ- 

ence upon the movement of the young lobsters, the resulting reaction 

would represent not only an overcoming of the natural tendency to 

remain at rest, but also a reversal of the tendency, already in effect, 

to travel in the opposite direction from that of the moving environ- 

ment. These conditions prevailed during the course of the experi- 

ments which are now to be described. 

III]. ExPERIMENTS. 

In the first experiments wherein the rotating environment was 

brought to bear upon the fourth and fifth stage lobsters, it was 

demonstrated that, just as the influence of light may have both a 

kinetic and a directive effect upon the behavior of the young lob- 

ster, in a like manner might the rotating environment be effective 

through both its kinetic and its directive influence. In case the 

lobsters are at rest at the beginning of the experiment, the first 

response to the rotation of the environment is a movement in 

some direction, —the result of the kinetic effect. Gradually, how- 

ever, the directive influence makes itself felt; the young lobsters 

respond accordingly, and manifest a tendency to move 7” the same 

direction as the moving environment. 

In all, seven sets of lobsters which were used for the experiments 

are here to be recorded. These are sufficient to demonstrate the 

general drift of the results. Of these seven sets three were of 10 lob- 

sters each, the others of 5 lobsters each. Each set was given eight 

successive tests, one minute apart. Besides these there were other 

experiments in which the immediate physical environment was mod- 

ified by placing sand on the bottom of the dish where the lobsters were 

confined ; and other experiments in which blinded lobsters were em- 

ployed. Either 5 or 10 lobsters were generally used for experi- 

ment, for so small a number scattered over the field could be taken 

in at a glance; and, furthermore, this number seemed sufficiently 
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large to give representative restfits. In all the sets of experiments, 

moreover, the first direction of movement, while the drum was not in 

motion, was tested. The results in all the tests, as will be observed 

in the following record of experiments, agree with great uniformity. 

FIRST SERIES. 

TEN INDIVIDUALS; RAPIDLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

Counter 
clockwise. 

Counter 
clockwise. 

Clockwise. Clockwise. 
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In the series of experiments recorded above, it is evident that the 

tendency for the lobsters to move in the clockwise direction when the 

drum is not in motion has, by bringing into effect a rotation of 

the environment in the opposite direction (counter-clockwise), brought 

about a reversal in the direction of the progressive movenient, so 

that finally many of the lobsters come to travel in the same direc- 

tion as that of the moving environment. The remaining individuals 

may be either at rest or travelling in the opposite direction. 

In the second series of experiments the speed of the drum was di- 

minished from 42 revolutions per minute to 30 revolutions. The 

result was similar to that obtained in the first series, save that a 

proportionately greater number of lobsters in the second series moved 

in the direction of the rotating drum, 7. ¢., counter-clockwise. In view 

of these results, in all the later experiments, with one exception, the 

slow-speed drum was employed. 
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SECOND SERIES. 

TEN INDIVIDUALS ; SLOWLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

| 
Counter 

clockwise. 
Counter 

elGclkwiae. Clockwise. 

THIRD SERIES. 

TEN INDIVIDUALS; VERY SLOWLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

Counter 
clockwise. 

Counter 
perce Clockwise. Clockwise. 

clockwise. 

4 

7 

6 

aor 
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In this series of experiments the conditions were still further mod- 

ified by diminishing the speed of the drum to 20 revolutions per 

minute. The results obtained coincided more closely with those ob- 

tained in the case of the rapidly moving drum; 7. ¢., a smaller num- 

ber of lobsters moved in the direction of the moving environment. 

In spite of the slight differences which are to be observed in these 

FOURTH SERIES. 

FIVE FIFTH STAGE I.OBSTERS ; SLOWLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

Counter Counter 

clockwise. Clockwise. clockwise. Clockwise. 

Ww) bo) ‘Gar Gal IN) G2) Thor Cy Rete wes) [Sys IS), Ce Sse Soe dss) 
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three series, the conclusion which we must draw from the series as a 

whole is that the fourth stage lobsters may manifest a so-called rheo- 

tactic reaction as the result of an optical stimulus. 

In the experiments next to be recorded (Series IV, V, VI), instead 

of using the fourth stage lobsters, individuals which had molted into 

the fifth stage were selected. It may be appropriate to note at this 

time that the behavior of the fifth stage lobster differs, in some re- 

spects, from that of the fourth stage. While the fourth stage is typi- 

cally a swimming animal, and only under especially favorable conditions 

manifests any tendency to burrow, the fifth stage lobster, on the other 

hand, possesses the hiding and burrowing habit well developed, and 

instead of swimming actively at the surface of the water, as does the 
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fourth stage lobster under most circumstances, he retreats to the 

depths and attempts to hide in some sheltered corner. Quite in 

agreement with these modes of behavior is the fact that the response 

of the late fourth stage lobsters to the moving environment was never 

so definite as the reaction of the early fourth stage lobsters ; and like- 

FIFTH SERIES. 

FIVE FIFTH STAGE LOBSTERS; SLOWLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

Counter 
clockwise. 

Counter ; Clockwise. 
clockwise. 

Clockwise. 

wise the fact that the reaction of the fifth stage lobsters was less 

definite than either, especially when the bottom of the glass dish 

containing the lobsters was partly covered with sand or gravel. Such 

a condition appeared to annihilate whatever tendency to wander about 

remained in the fifth stage lobsters, and to call forth a certain kind of 

contact irritability which is observable in many phases of the lob- 

ster’s behavior when he is in the latter part of, or past, the fourth 

stage. 
In the fourth and fifth series of tests, mentioned above, the results 

show that, to a less degree than in all previous cases, has the effect 

of the moving environment been able to overcome the natural ten- 

dency on the part of the fifth stage lobsters to avoid the light, or to 

cause them to move in the counter-clockwise direction. For this 
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reason we cannot interpret the actual degree of the rheotactic re- 

sponse by the ratios, 21:19, 24:16; for in all these cases there was, 

as has been said, a conflict between the tendency to move with the 

rotating environment and the tendency to move away from the source 

of light ; and this holds true, not for the fifth series alone, but for all 

other series as well. 

SIXTH SERIES. 

FIVE EARLY FIFTH STAGE LOBSTERS ; SLOWLY MOVING DRUM. 

Drum not in motion. Drum in motion. 

Counter 
clockwise. 

Counter at Clockwise. 
clockwise. 

Clockwise. 

Under the conditions of a weak light stimulus, the tendency to 

keep pace with the moving environment prevailed; but when the 

intensity of the light (striking the dish in a tangential clockwise 

direction) was increased, then the directive influence of the light 

was sufficiently powerful to overcome the possible reaction to the 

moving environment. Taken together, the fourth and fifth series of 

experiments demonstrate the fact that, while under the conditions 

of a stationary environment the tendency to avoid the light and to 

travel in a clockwise direction is relatively stronger than in the fourth 

stage, still the tendency to move with the moving environment, 

though effective in some degree, is less so than in the lobsters of the 

fourth stage. 

— 
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In the sixth and seventh series of tests one change was made in 

the nature of the experiment. While in Series I to V the bottom 

of the dish in which the lobsters were confined consisted of clear 

glass over which the lobsters crawled, in Series VI and VII, on 

the other hand, the bottom of the dish was thinly covered with 

a layer of sand in such quantity as to furnish footing for the crawling 
. 

SEVENTH SERIES. 

FIVE LATE FIFTH STAGE LOBSTERS; SLOWLY MOVING DRUM. 

Drum in motion. 

Drum not in motion. 
; 

pela | Clockwise. 

The lobsters are resting 
quietly on the bottom, 
headed, for the most 
part, in the clockwise 
direction; some individ- 
uals occasionally turn 
and face in the oppo- 
site direction. 

lobsters, and at the same time not to inhibit the effect of the moving 

disk beneath the glass bottom. The results here found are indica- 

tive of the fact that there is no marked difference between the 

behavior of the fifth stage lobsters in a quiet environment and the 

same lobsters subjected to a moving environment, when in both 

cases the bottom of the dish has been sanded. In this series of ex- 

periments, when the drum was not in motion, the lobsters were for 

the most part resting on the bottom of the dish or moving slowly in 

the clockwise direction, — although some of them would occasionally 

turn and face or travel in the counter-clockwise direction. When 

the environment was rotated, it was first the kinetic effect that influ- 

enced the lobsters; and as a result, they would begin to move in one 
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direction or the other. At no time, however, did the majority, in 

any one series of experiments, move in the counter-clockwise direc- 

tion; and in the series recorded above (seventh series), it appears 

that the greater number travelled in the clockwise direction. Thus 

we may assume that when sand is placed on the bottom of the dish, 

there is produced (always in the case of the fifth stage lobsters and 

sometimes in the fourth stage) a kind of contact irritability which 

modifies the otherwise more or less definite tendency to be influenced 

by the moving environment. Lyon has assumed that, in the case of 

fishes, under similar experimental conditions, contact between them 

and points in their immediate and motionless environment may 

serve to correct the false, visual impression gained from the move- 

ment of the outside environment. It would appear that this ex- 

planation may also partly account for the fact that the definiteness 

of the rheotactic reaction is gradually diminished as the lobsters pass 

on through the fourth, fifth, and later stages; for during these suc- 

cessive periods contact irritability is constantly becoming of more 

importance as a factor which modifies the behavior of the young 

lobster. And yet, on the other hand, this contact irritability does 

not wholly correct the false impression gained from the motion of the 

environment; for we have seen that in Series VII a certain propor- 

tion of the lobsters which formerly were headed in the clockwise 

direction came either to head or to move in the opposite direction, 

although the orientation of the majority was not changed. 

By the time the lobster has entered the sixth stage the bottom- 

seeking habit has become so well grounded that the free swimming, 

so characteristic of the fourth stage lobster, is rarely indulged in; 

and in consequence, although the lobsters are strongly influenced by 

the rays of light, the motion of the environment no longer has the 

power to stimulate a movement in the counter-clockwise direction ; 

and it may, moreover, even give, through its purely kinetic effect, an 

initiatory stimulus which results in a movement in the clockwise 

direction. It is perhaps unnecessary to state that in the case of the 

blinded lobsters no reaction took place, either to the movement of 

the environment or to the incident rays of light. 

IV. SUMMARY. 

1. Under proper conditions of stimulation, rheotaxis is shown in 

a marked degree in the behavior of Homarus, and is first and most 
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strongly evinced in the fourth stage in the lobster’s development. 

As contact irritability assumes greater importance in determining 

the behavior of the lobster beyond the fourth stage, rheotaxis is 

gradually lost. 

2, The rotation of an environment, at an optimum rate, about 

a dish containing fourth or fifth stage lobsters, may have two effects : 

(1) the kinetic effect, to stimulate the lobster to some reaction ; (2) 

the directive effect to cause the lobster to move in the direction of 

the moving environment. In other words, we may say that the so- 

called rheotactic response in Homarus may be initiated as the result 

of a purely optical stimulus. (This does not, however, preclude the 

possible effect of pressure or contact irritability, which may, in some 

cases, be operative in bringing about the final orientation of the 

lobster.) 

3. The manifestation of the rheotactic reaction which would other- 

wise occur may be prevented, modified, or wholly annihilated by 

introducing other stimuli such as light, changes in the physical en- 

vironment, etc. If the light be weak, the tendency to manifest a 

rheotactic reaction may overcome the tendency to respond to light. 

If the light be intense, or introduced suddenly, the rheotactic re- 

sponse may give way to the phototactic. 



THE MAINTENANCE OF CEREBRAL ACTIVITY IN 

MAMMALS BY ARTIFICIAL CIRCULATION. 

By C. C. GUTHRIE, F. H. PIKE, anp G. N. STEWART. 

[From the Hull Physiological Laboratory of the University of Chicago.] 

ie a former paper we ! endeavored to fix the limits within which the 

central nervous system of mammals may, after temporary anzemia 

produced by ligation of the head arteries and consequent loss of 

function, be restored to activity when the ligatures are removed. 

The experiments reported in the present paper were begun as a 

preliminary series to those already published. One object was to 

determine whether any solution other than the animal’s own blood 

would sustain any degree of cerebral activity. After working out the 

limits within which the normal circulation of the animal’s own blood 

was effective, it became an interesting problem to investigate the 

maintenance of activity or the resuscitation of the brain of a decapi- 

tated animal by circulating through it, under the best possible condi- 

tions, the blood of another animal of the same species. The best 

possible conditions were considered to be fulfilled when the cerebral 

vessels of the decapitated head were anastomosed by suture directly 

to the corresponding vessels of another animal of the same species. 

Previous WORK. 

Gies 2 investigated the irritability of the brain during anzemia pro- 

duced by perfusion with solutions of pure sodium chloride, Ringer’s 

solution and modifications of it, Schiicking’s solution, rabbit and 

horse serum, and 0.7 per cent sodium chloride solution containing 

paraxanthin or “chloralbacid” (a chlorine compound with albumin). 

In toads all reflexes persisted for some time, ¢. g., six and one-fourth 

hours for respiration when the animal was perfused with 0.6 per cent 

1 STEWART, GUTHRIE, BURNS, and PIKE: Journal of experimental medicine, 

1906, viii, p. 289. 
2 2 Gies: This journal, 1903, ix, p. 131- 

344 



Maintenance of Cerebral Activity in Mammals. 345 

sodium chloride solution. In cold-blooded animals the various func- 

tions ceased in the following order: (1) respiration, (2) skin reflex, 

(3) lid reflex, (4) nose reflex, and (5) heart beat. In warm-blooded 

animals, which, however, are only incidentally alluded to, the order of 

cessation was: (1) lid reflex, (2) respiration, (3) nose reflex, and 

(4) heart beat. 

A number of other attempts, all of which were unsuccessful, have 

been made to maintain the activity of the reflex nervous centres of 

animals by perfusion with solutions of inorganic salts of the blood. 
Ries,! the latest investigator in this line, was unable, working with 

frogs, to find any such solution. Perfusion with rabbit’s serum re- 

vived the centres after they had lost their irritability following perfu- 

sion with the inorganic salt solutions. 

Laborde? was the first to perfuse the isolated human brain, using 

the heads of decapitated criminals and the blood of dogs and oxen. 

In one case, that of the criminal Gagny, he connected by glass tubes 

the left carotid of the head with the corresponding carotid of a vigor- 

ous dog, and into the right carotid of the head he injected defibri- 

nated ox-blood. The head of Gagny was received about the seventh 

minute after decapitation. Cannulas were adapted to the cerebral 

arteries in about ten minutes more. The perfusion was begun about 

eighteen minutes after decapitation. Stimulation of the Rolandic 

area of the cerebral cortex, which meanwhile had been laid bare, 

caused movements of the orbicularis palpebrarum muscle, of the eye- 

brows, the supra-orbital portion of the frontal muscles, and the ele- 

vators of the jaw, — phenomena which persisted fifty minutes. Of 

his fifth perfusion (that of the head of Heurtevent of Caen) Laborde 

says that the results were absolutely negative as far as they concern 

the restoration of excitability of the cerebrum. In no case did 
Laborde get any return of voluntary movements. 

Hayem and Barriere® decapitated dogs and perfused the head with 

defibrinated blood in five experiments, and entire blood in seventeen 

experiments, using bottles filled with blood of horses and dogs for the 

purpose. The entire blood gave the more satisfactory results, Their 

conclusions were: (1) The corneal reflex disappears before the last 

respiratory movement. (2) The head then becomes completely inert 

and the pupils dilate, with definitive death. (3) Resuscitation occurs 

1 Ries: Zeitschrift fiir Biologie, 1906, N. F. xxix, p. 279. Full literature. 
? LABORDE, cited by HAyeEM and BARRIERE, q. Vv. 

§8 HAYEM and BARRIERE: Archives de physiologie, 1887, p. I. 
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when the perfusion is made without delay. (4) But, to give satisfac- 

tory results, the perfusion should be done with oxygenated blood at 

suitable temperature and pressure, and should be sufficiently copious 

and prolonged. (5) Resuscitation was possible only for very brief 

intervals under any conditions. 

References to other work are given in our former paper. 

An idea of our own observations will most easily be conveyed by 

presenting the condensed protocols of three selected experiments. 

Experiment 1. — With Locke’s solution. 

Small dog; young. Ether. ‘Tracheotomy. Cannula for injecting 

warm Locke’s solution in jugular vein; connected with pressure bottle. 

Cannula for bleeding in femoral artery. 400 C.Cc. to 500 C.-C. of blood 

withdrawn. 

About 700 c.c. of Locke’s solution injected first time. Then alternate 

bleeding and injection of Locke’s solution until one litre had been injected. 

Corneal reflex still present when injection was stopped; reflex continued 

for a period of a few minutes during which no fluid was withdrawn or 

added. 

A second period of bleeding and injection of Locke's solution followed. 

Corneal reflex disappeared. Then great dyspnea and deep respiration. 

Heart stopped in twenty-five minutes from beginning of first bleeding. 

Fluid escaping from femoral cannula still contained a fair number of red 

corpuscles. 

Locke’s solution, even when mixed with a considerable proportion of 

the animal’s own blood, did not maintain the corneal reflex for any length 

of time. 

Experiment 8. — With defibrinated blood. 

Pup. Ether. Blood obtained from a dog on the previous day 

had been defibrinated and kept on ice for twenty-four hours. Used for 

artificial circulation through brain of pup. 

11.23 A.M. Tied right subclavian artery and vein. Artificial respiration. 

11.26 a.m. ‘Tied aorta and put cannula in central end. 

11.28 A.M. ‘Tied inferior vena cava. 

11.38 A.M. Put cannula into inferior vena cava toward heart, running 

it up into auricle. Corneal reflex present. 

11.39 A.M. Tied heart in auriculo-ventricular groove, omitting the 

great veins, and immediately began artificial circulation from a pressure 

bottle with the defibrinated blood prepared. Strong movements of head, 

neck, and jaws, with gasping movements like dyspnoea, although defibri- 

nated blood is circulating freely. (The blood in the tubing and cannula 

may not have been well oxygenated, but that in bottle was.) Tested 
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corneal reflex repeatedly and found it well marked. There were also 

voluntary movements of eyes when administration of anaesthetic was 

reduced. Pupils contracted. 

11.47 A.M. Corneal reflex very feeble in right eye; good in left eye. 

Spontaneous respiratory movements ceased at this time. 

11.48 a.M. Corneal reflex absent in both eyes. Pupils strongly con- 

tracted. Tried for light reflex several times in last few minutes, but could 

not be certain of its presence. 

Stimulation of vago-sympathetic nerve in neck caused dilation of pupil 

of right eye until 12.10, of left eye until 1.22. Corneal reflex was main- 

tained for about nine minutes. 

Experiment 12. — With entire blood and vascular anastomosis. 

Two dogs, one somewhat larger than the other, were etherized. Tra- 

cheotomy. ‘The peripheral ends of the carotid arteries and internal jugu- 

lar veins of the smaller dog were anastomosed to the corresponding 

vessels of the larger dog by Carrel’s method.' The skin flaps from the 

neck were then sewed together. 

4.35 P.M. Now severed head of small dog from body with exception 

of backbone. 

4.36.30 Pp. M. Now severed backbone and spinal cord of small dog in 

lower cervical region, completing decapitation. Respiratory movements 

ceased. No corneal reflex because of deep anzsthesia. 

4.40 P.M. Respiratory movements of nostrils and mouth of trans- 

planted head began; rate about 35 per minute. Good gasping move- 

ments and good corneal reflex. Pupils at nearly maximal dilation. 

Respiratory movements of transplanted head soon fell to 20 per minute. 

Administration of ether to pumping dog now temporarily stopped. 

4-43 P.M. Winking movements of eyes of transplanted head apparently 

a little in advance of respiratory movements, but of same rhythm. 

4-46 P.M. Winking less rapid than respiratory movements of trans- 

planted head ; well-marked corneal reflex. 

4.47 P.M. Pupils at half maximal dilation in transplanted head. Again 

gave ether to pumping dog. 

4.51 P.M. ‘Tried for light reflex on transplanted head ; probably not 

present, but could not be certain. 

4.52 P.M. Respiratory movements stop in transplanted head. Ether 

to pumping dog stopped, but there is considerable dyspncea. 

4.53 P.M. Carotid artery to transplanted head clamped ; respiratory 

movements started in head. No ether to pumping dog. 

4-55 P.M. Gasping movements of mouth, winking, twisting of trans- 

planted head. 

1 CARREL: American medicine, 1905, x, p. 284. 
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4-55-30 P.M. Respiratory movements, 20 per minute in both heads. 

4.57 P-M. Piece of meat pushed down throat of transplanted head 

swallowed. 
s.o2 P.M. Pupils of transplanted head smaller than at last observation. 

5.07 P.M. No corneal reflex in transplanted head. Pumping dog 

breathing very slowly. 

5.08 P.M. Artificial respiration for pumping dog ; no reflexes. Gasps 

in transplanted head. 

5.08.45 P. M. Powerful gasp by pumping dog. 

5-10 P. M. ‘Transplanted head had lost all signs of activity. 

5.12 P.M. ‘Thorax of pumping dog opened ; heart practically stopped. 

5.13.30 P.M. Massage of heart of pumping dog. 

5.17 P.M. Movements of tongue of pumping dog. 

5.19 P.M. Blood circulating in tongue of transplanted head; eye no 

longer cloudy. 

5.21. P.M. Experiment concluded. Pumping dog killed with ether. 

To summarize the chief results of Experiment 12: Winking move- 

ments were observed for about nineteen minutes. Corneal reflex 

maintained for twenty-seven minutes. Respiratory movements per- 

sisted for about thirty minutes and were sometimes synchronous in 

both dogs. Swallowing movements and winking were well marked, 

indicating a considerable degree of activity of some at least of the 

cerebral and medullary centres. 

GENERAL SUMMARY AND CONCLUSIONS. 

We conclude, from a consideration of the above data, (1) that solu- 

tions of the inorganic salts of the blood are totally inadequate to sus- 

tain the activity of the brain including the medulla oblongata, either 

as regards reflex or voluntary function. Even when mixed with a 

considerable proportion of blood, these solutions are inadequate. 

(2) Defibrinated blood, circulated by means of a pressure bottle, 

maintained the activity of the reflex centres and also of the cortical 

motor centres for short periods, up to eight or nine minutes. 

(3) The circulation of properly oxygenated entire blood through 

the isolated brain under the best possible conditions attainable, 2. ¢., 

when the isolated head was supplied with blood from the circulation 

of another animal of the same species, maintained reflex and even 

voluntary activity of the higher nervous centres for considerable 

periods. Voluntary movements persisted for about nineteen minutes, 
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corneal reflex for twenty-seven minutes, and respiration for thirty 

minutes. 
(4) An unbroken connection between the brain and lower part of 

the spinal cord is, therefore, unnecessary for maintaining at least 

some of the medullary and cerebral centres. Suitable nutritive con- 

ditions are sufficient. 

It is uncertain whether any significance should be attached to the 

synchronism of the respiratory movements of the isolated head with 

those of the pumping dog, which was sometimes observed. It has 

been shown! that the blood pressure of an animal modifies the rate 

and character of its respiratory movements. These movements are 

slower and deeper during low blood pressure than during high pres- 

sure. The synchronism observed might be thought to indicate that 

the condition of the blood and the pressure at the moment were more 

important factors in determining the rate of discharge of a given 

respiratory centre than any inherent property of the centre itself. It 
is possible, of course, that the synchronism was merely a coincidence, 

and therefore indicates nothing as to the influence of the state of the 

blood upon the centre. 

1 GUTHRIE and PIKE: This journal, 1906, xvi, p. 475. 



THE INFLUENCE OF TEMPERATURE UPON THE RATE 

OF HEART BEAT IN” DHE. iGHa gor THE LAW 

FOR CHEMICAL REACTION VELOCITY. — Il. 

By CHARLES D. SNYDER. 

[From the A merican University Table at the Zowlogical Station, Naples. 

Co 1 pointed out that the temperature effect upon Hertwig’s 

developing frog eggs obeyed the law for the influence of 

temperature upon chemical reaction velocities; also that the out- 

put of carbon dioxide in Clausen’s experiments with germinating 

seeds followed the same law. Quite recently Peter 2 has shown that 

the rate of development of echinoderm eggs also follows this law; 

and Loeb,’ that the rate of artificial maturation of Lottia eggs is a 

function of the same logarithmic formula. Jost* again shows that 

this relation holds good for physiological activity in plants. 

In a former paper® the writer showed that the influence of 

temperature upon the rate of beat of isolated hearts of the Pacific 

terrapin (Clemys marmorata) obeyed the law for chemical reaction 

velocities. The heart beats followed the law especially well between 

7.5° and 30° temperature. Just lately T. B. Robertson ® observed
 the 

rate of heart beat in a minute Daphnia under various temperatures. 

He finds that the rate of the heart, beating in the living body of the 

animal, within certain limits of temperature is also in accordance with 

the law for chemical reactions. 

Tue RATE OF HEART Beat IN PHYLLIRRHOE AS INFLUENCED BY 

TEMPERATURE. 

In the Gulf of Naples is found a beautifully transparent nudibranch, 

Phyllirrhoe, whose heart can easily be seen through the body tissues. 

1 CoHEN: Vorlesungen tuber physikalische Chemie, 1901, pp- 42-45- ; 

2 perer, Kare: Archiv fiir Entwickelungsmechanik 
der Organismen, 1995, 

XX, p- 130. 

8 Quoted after T. B. RoBERTSON, Biological bulletin, 1906, x, p- 242- 

4 Biologisches Centralblatt, 1906, xxvi, p- 225. 
5 

6 SNYDER, CHARLES D.-: University of California publications, Physiology; , 

1905, ii, p- 125- 
6 ROBERTSON, T. B.: Loe. cit. 

35° 
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If one puts a few of these animals in a dish of sea water, they swim 

around for a little while and then sink down to the bottom of the 

dish, where they lie on their sides at rest. In this position the heart 

can easily be seen, and its rate taken, with a stop-watch, by direct 

observation. 

The animals which came into the laboratory were from two to 

three centimetres long. Four of them were put into separate dishes 

containing each about a half litre of sea water. The temperature of 

the water in all the dishes was the same. After a few minutes, while 

the animals were resting, counts were made of the heart beats and 

recorded. The animals were later transferred to other dishes of sea 

water having a higher or a lower temperature. In a few minutes 

counts of the heart beats again were made and recorded, and so on. 

It was at once seen that at room temperature there was little 

individual variation of heart rate. However, the animals were ex- 

posed to each temperature for about half an hour, during which time 

many counts were made on each specimen. 

The average rates of all these observations for the different in- 

dividuals, at the various temperatures tried, are as follows: 

Bue er JABS: 4 AN 20°, At 25°. At 29°, 

I 3 40 57 62 
2 36 46 66" 80 

3 37 52 66 82 

4 39 a oe S4 
Averagerates 36.7 46.5 63-7 77 

When calculated, the temperature coefficients for these individual 

cases are: 

pee ane. PY DY 
I 2.8 1.8 2.8 2.7 1.7 

2 aut 2.0 2.81 mes 1.9 

3 as 2.0 2.5 g.1 1.7 

4 3-0 1.8 2.8 Bel 2.0 

The coefficients of the average rates : 

iS) .o) 
~ io) 3-4 1.86 2.7 

1 Specimen No. 2 died before this experiment was made. The rate here is of 

nother individual, No. 5. 
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The average coefficients are: 

eis 1.9 2.8 3:0 1.8 

From the table of coefficients (quotients) above, it will be seen 

that the individual variation is from 1.7 to 3.5, and that the varia- 

tion of the average coefficients for different temperatures is from 

1.8 to 3.1. The average coefficient for all temperatures of the experi- 

ments is 2.52. 

It was concluded, therefore, that the heart of the mollusk, Phyllir- 

rhoe, is influenced by temperature in the rate of its beat at a velocity 

similar to that for a chemical reaction.! 

Tue Rate OF HEART Beat IN Mata VERRUCOSA AS INFLUENCED 

BY TEMPERATURE. 

During the past season experiments were made on the influence of 

temperature upon the isolated hearts of a crustacean, Maia verrucosa. 

Preliminary tests were made to determine the constituency of a 

salt solution in which the heart of this animal, after removal from 

the body, would live longest. A solution similar to that employed by 

Rogers? was finally selected. The chief difference in the two solu- 

tions is in the concentration. The solution used for Maia verrucosa 

hearts was § molecular. The number of parts by volume, — 

INE 5 Go LOIS Meh 2 n = 7-8 

NOW" 5 a 6 2.2 MgSO,. - - 38 

Gal acacia -° 

Filtered sea water to which was added a slight amount of calcium 

chloride (1 ¢.c. to 100 c.c. of sea water) was also found to be equally 

as good as the artificial solution. 

The heart of Maia verrucosa is a delicate organ, averaging about 

rc.m. in horizontal diameter. Unless great care is exercised in 

removing it from the body, the heart comes to a standstill from which 

it does not recover. In no case could the rhythm be maintained 

much more than an hour. 

On account of the extreme frailty of the tissues, the heart was not 

1 For complete reference to this literature see my former paper, loc. Cth; 

pp. 134 ff. 
2 Rocers, CHARLES G.: Journal of experimental zodlogy, 1904, ii, p. 237+ 

The concentration of Rogers’ solution was 15 mol. 
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usually attached to a lever, and so few records were taken on the 

kymograph. The slow rate of the heart beat, however, made it quite 

easy to count the contractions by direct observation, timing them 

with a stop-watch. Most of the observations were made by this 

latter method. 
TABLE I. 

The rates of heart-beat of Maia verrucosa as influenced by temperature, together 

with the corresponding temperature coefficients. 

Duration of 
exposure to | Number of 
new temper- beats per 

ature, in minute. 
minutes. 

Number of | Temperature 
experiment. | in degrees C. 

Average 
rates at 

different 
temper- 
atures. 

Calculated 
coefficients of 
Rate at Tn+10 

Rate at Zn ~ 

_ 

~~ ee 

D0 MORO 3S 
oO ocooocoo ooo 

mW 

DEF 

nee 

FER 

17.0 (ca.) 

| 

“1K 

vw 

34.0 

11.0 
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The data obtained were at once inspected for evidence pointing 

toward chemical reaction velocity. The quotients of rates at 10°, or 

nearly 10°, apart are shown in the left-hand column of the table below. 

Where observations of rates at temperatures less than 10 apart 

were made, the coefficient (as was done above) is roughly calcu- 

lated from the data at hand for the full 10°. 

The quotients here are apparently high, the average of all of them 

being 2.99. But, after all, this is just what one should expect, inas- 

much as the rates are for relatively low temperatures. The experi- 

ments on the P. terrapin heart showed that this quotient grew larger 

with the lower temperatures and smaller with the higher tempera- 

tures. In the present experiments the highest temperature at which 

the Maia verrucosa hearts continued to beat was 26° ; 1 while in the 

former experiments the P. terrapin hearts beat ata temperature as 

high as 40° C. 

However it will be remembered that this temperature coefficient, 

even in the case of pure chemical reaction velocities, varies, as van't 

Hoff2 has shown, considerably. And so the velocity of heart rate of 

Maia verrucosa falls clearly within the limits of chemical reaction 

velocities. Therefore we are justified in concluding from the above 

data that the rate of heart beat in Maia verrucosa, within limits of 

normal variations of temperature, increases with the temperature at 

a velocity similar to that of a chemical reaction. 

Tue Rate of Heart BEAT in MAMMALS AS INFLUENCED BY 

TEMPERATURE. 

It has now been shown that a reptile heart, two very different 

crustacean hearts, and a molluscan heart are all influenced by tem- 

perature, in their rate of beat, at the same velocity as a chemical 

reaction is influenced by temperature. 

The question naturally rises, to what extent does temperature 

affect the mammalian heart in this way? For an answer we need 

only turn to the original papers of Newell Martin and of Langendorff. 

1 The isolated heart of Maia verrucosa, under different conditions, will prob- 

ably beat at higher and at lower temperatures than it did in my experiments. 

Whether the vitality of the animals was impaired by the great amount of volcanic 

ash which fell into the Gulf of Naples this spring, and from which animals un- 

e, or whether other methods must be employed, cannot be 
doubtedly were suffering 

stated at this time. 

2 Van’t Horr: Vorlesungen tber theoretische und physikalische Chemie, 1898, 

i, p- 224. 
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These authors published very complete tables of their results, show- 

ing the various temperatures and corresponding rates of heart beat. 

They experimented for the most part upon the isolated hearts of 

dogs and cats. From their results the temperature coefficients for 

rates 10°, or nearly 10°, apart have been calculated. In cases where 

only rates at less than 10° apart are recorded the coefficient is 

determined by interpolation. 

From Martin’s first experiments on dogs! we have the following: 

Experiment 1.— Temperatures 37.8°, 27.8°, and 40.5°, 30.5° ; quotients, 3.3 

and 3.0. 

Experiment 2. — Vemperatures 38.5°, 28.5°, and 42.5°, 32-5° ; quotients, 3.2 

and 1.8. d 
Experiment 3 — Temperatures 39.3°, 29-1°, 40.0, 30.0° ; 38.5°, 28.9° ; quo- 

tients, 2.3, 2.1, 2.3. 

Experiments 4, 5, and 6.-—Temperatures 30.5°, 39.6°; 36-4°, 40.4°; 37-5°)° 

32-5°, 30-5°; quotients, 2.3, 2.7, 3.1, and 3.3. 

Martin and Applegarth later on experimented upon ‘‘ the tem- 

perature limits of the vitality” of cat hearts, the hearts being com- 
pletely isolated from the body. From their tables of observations ® 

we have the following coefficients : 

Experiment 1.—Temperatures 34°, 24° ; 33-7°, 23-5° 3 32-7°, 22-3°; quotients, 

3, 3.2, 3.1. 

Experiments 1 and 2.— Temperatures 35.2°, 25.7° 

28.5°; 40.0°, 29.9°; quotients, 2.5, 2.3, 1.9, 1. 

a ~ _o N loa ~ 
° 

Ww ~ un .° 5 36: 
3. 

Langendorff * succeeded in maintaining the rhythm of the isolated 

hearts of cats at widely different temperatures, the lowest being 

about 7°, the highest about 46° C. The records of 15 hearts are 

tabulated. From these tables the writer determined the average rate 

for each degree of temperature. Coefficients for the rates 10° apart 

were calculated. These are set down in the right-hand column of 

the following table: 

1 Martin, H. N.: Philosophical transactions, 1883, clxxiv, pp. 679-685. 

2 The last three temperatures and their corresponding coefficients, 3.1 and 3.3, 

are taken from observations during the first halfhour only. 

8 MARTIN and ApPLEGARTH: Studies from the Biological Laboratory, Johns 

Hopkins University, 1890, iv, pp. 282 ff. 
4 LANGENDORFF,O.: Archiv fiir die gesammte Physiologie, 1897, Ixvi, p. 355- 
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TABLE II. 

‘Table of average rates of isolated cat hearts at temperatures between 10° and 47° C., 

p . a rate at 7p+ 

(after Langendorff), together with the quotients of the ~ eRe! 
rate at 7, © 

memuee ee | Quotient. Bowne oe Quotient. 

ature, C. oat fare! = | ature, C. oe 

10 10 s4=54 || 31 116 wy = 2.4 

14+ 15 si =44 32 134 183 = 2.0 

15 21 $3 = 4.0 33 166 Lis = 2.9 

16 26 yo Sail | 34+ 183 183 = 2.7 

17 37 105 = 2. 35 195 125 = 2.3 

18 38 $3 = 2. 36 178 18 = 1.8 

te = 2.1 

1 One observation only at this temperature (40°), and this on a heart which had 

already been subjected twice to very low temperatures; the heart already showed 

signs of exhaustion. 

The temperature coefficients in the above tables deserve special 

examination. Neither Martin nor Langendorff, when they performed 

their experiments, had any idea of comparing their results with 

temperature velocity of chemical reactions. Indeed, the formula for 

such a reaction velocity was then not yet determined. The methods 

of work and the accuracy of observation of these investigators, how- 
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ever, are models of thoroughness and excellence. Their data are 

abundant and conclusive. We need only apply our new knowledge 

to this body of facts to answer the question, — to what extent, when 
influenced by temperature, does the velocity of the heart rate of the 

mammal correspond to that of a chemical reaction velocity ? 

Let us remember that the chemical velocity constant not only 

varies generally between 2 and 3 for 1o difference of temperature, 

but that occasionally it may even be slightly less than 2 and con- 
siderably more than 3. In our tables we notice that the constant 

(coefficient) for the middle ranges of temperature is, with two 

exceptions, between 2 and 3, and that those numbers which are 

more or less than 2 or 3 are for the extreme temperatures. 

It is worth while noting here, also, that the higher constants, for the 

most part, are for the low temperatures and that the lower constants are 

for the high temperatures. It will be remembered that this was also 

the case, not only with my P. terrapin hearts,! but also with the Maia 

verrucosa hearts, as shown on page 353 of this paper. Jost’s results? 

show that this same variation of the constant obtains also in plants. 

A paper recently published by Langendorff and Lehman ® contains 

a table of the rates of heart beats of the rabbit at temperatures 

between 37° and 48° C. The hearts were isolated from the body and 

the sinus removed. They were fed with physiological salt solution. 

The table was given to show that removal of the sinus does not 

affect the influence of temperature upon the rate of heart beat. The 

quotients are calculated from the rates of temperatures farthest apart. 

The calculation for quotients corresponding to temperatures fully 

10° apart is in each case done by interpolation. They are: 

2.3 2.4 3-0 2.5 Zar 2.3) 

¥For practical reasons it would be of special interest at this point 

to know the temperature coefficient of the human heart. 

From Liebermeister’s* table of fever temperatures, which was 
compiled from more than 4000 observations on 280 different patients, 

we get the following coefficients, when calculating for differences of 

10° from the data at hand: 

3:9 Sd 45 4°5 

1 Loc. cit., p. 146. 

? Jost: Biologisches Centralblatt, 1906, xxvi, p. 233. 

8 LANGENDORFF and LEHMAN: Archiv fiir die gesammte Physiologie, 1906, 

Cxii, p. 352. 

* Quoted from LANGENDOREY, (oc. ctt., p. 393- 

w uw 
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These constants are remarkably high, and stand in curious contrast 

to those obtained at the higher temperatures of isolated mammalian 

and terrapin hearts. The data, being from pathological cases, may 

have some special significance. 

Davy! recorded the temperature and pulse rate of his own body 

about three times per day for a period of eight consecutive months. 

These observations do not include those made “ under the influence 

of accidental disturbing circumstances, as active exercise, etc.,” and 

so may be considered as the record of the heart rate and tempera- 

ture of the body as nearly normal as it is possible to obtain. This 

mass of data is of special significance at this point in contrast 

to that of Liebermeister’s. It gives us the data of one individual in 

normal health for a prolonged period of time. Davy made 502 

separate observations in this series. When the total averages of 

temperatures and pulse rates are determined for morning, noon, and 

night, and their corresponding coefficients are calculated, we find 

them to be as follows: 

Temperatures . + - 36.62° 36.94° 37-.07° 

Pulse rates . - - + 54-68 55:2 57-2 

Coefficients . . - - 23 3-1 2.3 

These temperature coefficients of the heart rate can no longer be 

looked upon as mere coincidence; for it has now been shown that 

they approach the same constant, not only in two important inver- 

tebrate groups, crustacea and mollusca, but also in reptilia and 

mammalia, including man himself. 

From these results we need no longer vaguely say that within 

certain limits an increase of temperature increases, and a decrease 

of temperature diminishes, the heart rate. But rather may we 

boldly say that a change of temperature influences the rate of heart 

beat at a mathematical velocity; that this velocity is the same as 

that for known chemical reactions as influenced by temperature, and 

is expressed by the formula of Arrhenius : 7 

be 2—— a + constant, 

in which 4 is a constant, and K is the velocity (rate) of heart beat 

at any absolute temperature, T, which falls within the limits indicated 

by experiment. 

1 Davy, JouNn: Philosophical ‘Transactions-of the Royal Society, London, 

1845, p- 319- 
2 ARRHENIUS: Zeitschrift fir physikalische Chemie, 1899, iv, p- 226. 
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THEORETICAL CONSIDERATIONS. 

A fact so far-reaching as this demands further consideration; for 

it must sooner or later throw light on the nature of the heart rhythm 

itself. 
It is most probable that this identity, which we have shown to 

exist between the temperature coefficients of a chemical reaction 

and of the heart rate, is due to the fact, as has often been suggested,! 

that chemical reaction is profoundly involved in the production of 

the intrinsic cardiac stimulus, or in the production of both the in- 

trinsic cardiac stimulus and the cardiac contraction. 

If constantly repeated chemical reaction causes each contraction 

of the heart muscles, at what point in the cardiac cycle does the 

reaction begin, during what phase is it in progress, and at what 

point of the cycle does it end? For the reaction is, most probably, 

a rhythmical process which exhausts itself or comes to an end point 

once during each heart beat. 
For a partial answer to this question we again need only turn to 

the great body of experimentation which has already been done upon 

the heart. Burdon-Sanderson? showed that an increase of tempera- 

ture diminished, and a decrease of temperature increased, the refrac- 

tory period of the frog’s heart. Inspection of the results of this 
experiment reveals at once the remarkable fact that the velocity of 

this increase, or decrease, of “diminished excitability ’’ varies with 

the velocity of a chemical reaction similarly influenced by tempera- 

ture. In the following table are shown the temperature coefficients 

which correspond to the various temperatures and periods of “ dimin- 

ished excitability’ of the experiment: 

‘Temper- Time of “ diminished Temperature co- 
ature. excitability.” efficients for 10°. 

re2.C. 2.0! 1.8 

15 1.8 2.2 

18 1.5 2.0 

21 1.2 2.5 

24 0.9 258 

27 0.8 2.0 

1 For literature and discussion of this subject, see HoweLt, W. H.: This jour- 
nal, 1898, ii, p. 47; also LANGENDOREF, O.: Ergebnisse der Physiologie, 1905, iv, 

pp. 764 ff.; ENGELMANN, Ueber den Ursprung der Muskelkraft, Leipzig, 1893. 

2 BURDON-SANDERSON : Journal of physiology, 1880, ii, p. 384. 
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From this table of coefficients it would appear that the chemical 

reaction which has to do with the preparation of the heart for the 

next contraction is already under way during systole. 

We are now ina position to explain more fully than has yet been 

done the rhythmical nature of the heart-beat and also its refractory 

period. 

Let us assume (1) that the excitability of the heart tissues depends 

upon a certain relation of chemical substances; (2) that this relation 

is brought about by a chemical reaction, or reactions, approaching 

a state of equilibrium; (3) that the cardiac contraction is caused by 

(directly or indirectly), and begins with, the end point of this reaction. 

The mechanical act of this contraction itself, however, displaces 

and removes the end products of the reaction, and thus disturbs the 

equilibrium. During the systole, therefore, the same chemical 

reaction, just completed, is started up again. But it does not advance 

far enough during this phase of the cardiac cycle to produce the 

state of excitability in the tissues necessary for another contraction. 

On the other hand, during diastole the reaction has greatly advanced 

and rapidly approaches an end point (equilibrium) which leads up to, 

and causes, the next systolic movement. 

If this assumption be correct in fact (as the burden of this paper 

would indicate it is), then an increase of temperature ought to hasten 

the chemical reaction, and bring the system the sooner into equi- 

librium; therefore the heart tissues the sooner into a State of 

excitability, and, finally, into systole. A decrease of temperature, 

contrary-wise, ought to delay the chemical reaction, thus prolonging 

the state of inexcitability and retarding the systole. The final and 

general effect would be an increase and decrease of heart rate, and 

an increase and decrease of the length of the refractory period, with 

increase and decrease of temperature, — and this at a velocity 

identical with that of a chemical reaction velocity. 

There is still one other phenomenon which may be considered 

here, namely, the latent period which follows an electrical stimulation 

of the heart. 

The later an electric shock is applied to the heart during diastole, 

the shorter are both the latent period which precedes the contraction 

and also the compensatory period which follows it. This fact agrees 

fully with our hypothesis. In the first place we have no reason 

to believe that an electrical stimulus, such as is sent into the heart, 

would hasten, or affect appreciably, the chemical reaction which we 
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have supposed leads up to the heart systole. On the other hand the 

electrical stimulus may do for the heart tissues just what the end 
point of the chemical reaction (possibly through its newly acquired 

physical properties) does for the heart automatically, namely, produce 

the stimulus to contraction. The great length of the latent period 

in the early stages of diastole suggests that the chemical reaction 

has not proceeded far enough for any sort of stimulus to bring about 

a contraction. The fact, however, that a contraction can be pro- 

duced by artificial stimulus, considerably before the normal period, 
suggests that the chemical preparation of materials under normal 

conditions is nearly complete some appreciable time before, let us 

say, the new physical properties, which it brings about, result in 

automatic stimulation. 

New and additional experiments are being carried out to test 
further the validity of the views expressed in this paper; also to 

determine, if possible, what substances are involved in the chemical 

reaction, or reactions, which we have supposed underlie the rhyth- 

micity of the heart. 

The writer wishes here to express his heartiest thanks to the 

leader and staff of assistants of this institution for the many courte- 

sies they have shown him, and the assistance they have rendered in 
the prosecution of this work. 



METABOLISM EXPERIMENTS UPON A WOMAN WITH 

A PERMANENT BILIARY FISTULA. 

By PHILIP SHAFFER. 

[From the Department of Experimental Pathology, Loomis Laboratory, Cornell University 

Medical College, New York.| 

INTRODUCTION. 

| Cael aoee ae all of the positive knowledge we have of the 

physiological function of the bile is based upon the observation 

that fats are poorly absorbed from the intestine in the absence of bile. 

Aside from this undisputed fact we know little of the part which bile 

plays in the complex process of metabolism. The opportunity being 

presented for conducting such experiments upon a patient with a 

permanent biliary fistula, it seemed desirable to determine, first, 

whether a person with a permanent biliary fistula and consequently 

having little or no bile in the intestine, although otherwise in fairly 

good health, exhibited a metabolism in any respect different from the 

normal, and, secondly, if such a difference existed, whether a return 

to the normal could be accomplished by different forms of bile 

medication. 

The greater part of the time spent in this investigation has been 

used in the study of the urine in the belief that any abnormality of 

metabolism caused by the absence of bile from the intestine would 

be thus detected. 

The subject of this experiment is a woman with a permanent 

biliary fistula. Dr. M. Belle Brown, to whom I am indebted for the 

opportunity of studying the case, kindly gives me the following 

history. 

Mrs. C. B. D., age 61. — ‘The patient was of robust physique and unusually 

good health until the winter and spring of 1894, when she had almost 

daily attacks of severe pain in the hypogastric region. The condition was 

diagnosed as flatulent dyspepsia. In May, 1594, a warm bath was followed 

by a chill and high temperature and pain in the region of the gall bladder. 

362 
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In three days intense jaundice appeared. Physical examination revealed 

an enlarged liver extending about two inches below the ribs. Stools were 

“clay colored”’ and the urine about the color of port wine. ‘The chills with 

the accompanying fever continued from May to October. In the fall the 

temperature was normal, but the stools were light colored and the urine 

quite dark. Some icterus persisted, with general pruritis. The condition 

lasted for ten years, during which the patient had frequent attacks of pain 

and gastric disturbances. Her net weight fell from 160 to 110 pounds. 

On Feb. 22, 1905, the patient was operated upon for gall stones. The 

gall bladder was found one-third smaller than normal, and closely ad- 

herent to a mass of inspissated bile, of the size of an English walnut. The 

gall bladder was opened and a drainage tube inserted. The common bile 

duct was not opened ; no stones were felt in it. Following the operation 

the jaundice disappeared to some extent, but the stools remained very light 

and the urine very dark. The drainage tube was left for six weeks, during 

which time the largest amount of bile passed in twenty-four hours was 4 

ounces. On the removal of the tube the fistula closed in a few days, and 

almost immediately the symptoms of skin irritation and increased jaundice 

returned. 

Three months after the first operation a second was performed. The 

gall bladder was opened and stitched forward, and the common duct 

opened. A sound was passed into both hepatic ducts, and blades of 

long dressing forceps were passed through the common duct into the 

duodenum. No stones or other. obstructions were found. A drainage 

tube was placed in the fundus of the gall bladder, and another in the 

common duct. Bile flowed freely from the tube draining the common 

duct, one and one-half to two pints being passed daily. The irritation of 

the skin disappeared, and the urine became lighter in color. The stools 

remained light in color, and probably all the bile passed through the drain- 

age tube. After six weeks the fistula from the common duct healed, forcing 

the tube out. The bile began at once to flow from the tube draining the 

gall bladder, and still continues to do so. Recovery from the operation 

was uneventful. 

During the first six months after the second operation there was some 

diarrhcea, —8 to to movements in twenty-four hours. The stools were 

soft and of very offensive odor. The use of ichthoform after meals, as well 

as desiccated ox-bile, gave some improvement. Improvement in this re- 

spect was also noted after the injection through the drainage tube of large 

quantities of the patient’s bile. A No. 43 piston syringe was used, and 

from ro to 16 ounces of bile and other liquids were occasionally injected 

at one time. Only slight pressure was necessary. 

At the present, more than one year after the second operation, the 

patient has no itching of the skin, eats and sleeps well, and otherwise 
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enjoys life. Very nearly if not quite all of the bile flows through the tube 

into a rubber bag which the patient wears. 

This case had been diagnosed as cancer of the liver, catarrhal jaundice, 

and gall stones. The diagnosis at present accepted by the patient’s physi- 

cian is that the cicatricial tissue of an old duodenal ulcer is contractive at 

the orifice of the common duct. The patient had an attack of dysentery 

previous to her illness in 1894, at which time the ulceration perhaps 

occurred. 

When the patient came under the writer’s observation on October 15, 

1905, she was apparently in fairly good health. Although considerably 

undernourished as a result of her long illness, she was gaining in weight, 

had a good appetite, slept well, and complained of no unusual symptoms 

except occasional attacks of diarrhcea. 

Just what the anatomical condition of the bile ducts is in this case can 

only be surmised. As stated above, no obstruction of any of the ducts 

was found at the operation, in spite of careful search. But that there is 

some obstruction is certain, because when the fistula closed following the 

first operation the jaundice reappeared, and because when the permanent 

fistula has been artificially closed the jaundice has again appeared only 

to quickly disappear on opening the fistula and allowing the bile to escape 

in that way. On the other hand, the ducts are not completely occluded, 

because large quantities of bile or other fluids have been repeatedly and 

rapidly injected through the fistula. As much as 400 c.c. of bile has been 

injected in this way at one time, and it is impossible to believe that it does 

not ultimately flow, in great part at least, into the duoden
um. Furthermore, 

following the injection of bile through the fistula, as well as following the 

plugging of the fistula, hydrobilirubin appears in considerable quantities in 

the feces. At the close of our experiments we proved the patency of the 

common duct in still another way. A diluted suspension of India ink was 

injected through the fistula, and in about fifteen hours the India ink ap- 

peared in the feces. We know, therefore, that there is a canal leading 

from the gall bladder into the intestine, and that the bile under certain cir- 

cumstances flows through this canal. However, so long as the fistula is not 

closed, only a very small part of the bile reaches the intestine, for the faeces 

showed under this condition only the slightest trace of hydrobilirubin, which 

could be detected only with some precaution, to be mentioned later. 

We at first hoped to be able to conduct experiments on our patient in 

the same manner as did Schiff * on his dogs, with amphibolic fistulae ; but 

unfortunately, when the canal in the fistula was plugged, the patient after 

about twelve hours began to complain of a return of the itching, etc., and 

4 little later a slight coloring of the conjunctive was noticed, and it became 

1 ScuiFF: Archiv fiir die gesammte Physiologie, 1570, cxi, pp. 598-613- 
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necessary to open the tube after it had been closed for about forty hours. 

During this time a large amount of bile found its way into the intestine, as 

shown by a strong reaction for hydrobilirubin in the faeces for the two or 

three days following. Although the bile flowed into the intestine, jaundice 

began to appear. ‘The reason for this is probably that the pressure neces- 

sary to overcome the obstruction of the common duct was so great as to 

cause a rapid reabsorption of a part of the bile through the radicles of the 

biliary ducts. 
While we were unable to force the bile into the duodenum by merely 

closing the fistula, we have on a number of occasions, as stated above- 

injected the bile through the fistula in large quantities. The occasional 

injection of bile through the fistula is obviously not so satisfactory a pro- 

cedure as would have been the mere closing of the fistula, in which case 

the bile flows into the intestine at the normal rate of speed. However, the 

latter ideal condition was impossible, and we were compelled to be con- 

tent with the less satisfactory procedure of injecting the patient's own bile 

through the fistula. 

METHODs. 

The analytical methods used for the urine are as follows: 

Kjeldahl method for total nitrogen; Folin method for urea,' kreatinin, and 

kreatin ;? Boussingault-Shaffer method for ammonia ; * Folin-Shaffer method 

for uric acid ;* Folin’s new methods for inorganic, ethereal, and neutral 

‘ sulphur ;> phosphates were titrated by standard uranium acetate, with 

powdered potassium ferrocyanide as indicator ; indican was determined 

by the crude but simple method described by Folin.° 

No discussion of these methods is necessary. All have proved 

satisfactory. Paton? has recently recorded an objection to Folin’s 

urea method, — the difficulty of knowing when the urea is completely 

decomposed. I have not experienced this difficulty. The method 

demands considerable care and attention, butif the melted magnesium 

chloride is kept hot (155° C.) for one full hour and one-half from the 

time the “ popping ” becomes strong, all of the urea (as much as is 

p- 

1 Fo.in: Zeitschrift fiir physiologische Chemie, 1903, xxxvii, p. 548. 

* Foun: J/bid., 1904, xli, p. 223. 

3 SHAFFER: This journal, 1903, viii, p. 331- 
4 Foun and SHAFFER: Zeitschrift fiir physiologische Chemie, 1901, Xxxil, 

§52- 

5 Foun: Journal of biological chemistry, 1906, i, p. 131. 

® FoLin: This journal, 1905, xiii, p. 53. 

7 Patron: Journal of physiology, 1906, xxxiii, p. 1. 
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the equivalent of 60 c.c. 9) is invariably decomposed. Low results 

are usually obtained if the temperature is not maintained for the time 

stated. 

The feces were dried on the water bath with the occasional addition of methyl 

alcohol containing 1 per cent hydrochloric acid, and finally in an air bath 

at ro0o°-110° C. The total fat content was determined by extraction with 

ether for about twenty hours, as described by Schmidt and Strassburger.* 

Total nitrogen was determined in the dried fzeces by the Kjeldahl method, 

Hydrobilirubin was tested for either in the fresh or dried faeces as follows : 

3 to 5 gm. of the dried faeces, or ro to 15 gm. of the fresh faeces, were 

boiled on the water bath with about 25 c.c. alcohol containing 2 per 

cent sulphuric acid. Without filtering, ammoniacal alcohol was added to 

alkaline reaction, and then a few drops of a zinc chloride solution. ‘This 

was filtered into a dry test tube. When hydrobilirubin was present the 

clear solution showed the green fluorescence. It is important to have a clear 

solution, otherwise when only traces are present the fluorescence may be 

masked by the turbidity or precipitate. 

In order to judge whether the metabolism in different pathological 

conditions is abnormal, it will usually if not always be necessary to 

have a standard of normal metabolism for comparison. The impor- 

tance of this fact follows logically from the work of Folin on normal 

metabolism, The results of Folin? furnish perhaps the most accurate 

knowledge we have of the approximately complete composition of 

normal urine on different standard diets. More data from normal 

individuals on various diets is highly desirable for the construction 

of representative standards for the composition of normal urines, but 

until we have such representative standards, we cannot do better than 

use the standards of Folin. I have therefore placed at the bottom 

of the first two tables of this paper the averages of Folin’s normal 

results on his high proteid liquid food and on his low proteid starch- 

cream diet. 

Three diets were used in my experiments in the following order. 

The first, which was continued for seven days, was a high proteid 

non-purin diet containing about 21 gm. of nitrogen, and which, 

though not exactly the same, is quite comparable to Folin’s high 

proteid liquid food. The second diet, which followed immediately 

after the first for a period of seven days, was a low proteid diet of 

1 Scumipr and STRASSBURGER: Die Faeces des Menschen, Berlin, 1905, 

p. ISI. 
2 Foun: This journal, 1905, xiii, pp- 45, 66. 



Metabolism in a Woman with Biliary Fistula. 367 

rice, butter, rich cream, sugar and salt, with about 200 gm. potato. 

The last diet, used for a fifteen-day period was a mixed though fairly 

constant diet containing some purins and 10-11 gm. of nitrogen. 

Diets. 

(x dozen eggs 

First experiment (Table I) \e pints skimmed milk 

Sugar and salt 

200 gm. grain rice (boiled) 

Too gm. butter 
Second experiment (Table Il) / r50 gm. sugar 

Es c.c. cream (15 % fat) 
200 gm. potatoes (boiled or baked) 

Mixed diet of fish, beef, lamb, potatoes, 

| oatmeal, rolls, butter, sugar, salt, rich 

Third experiment (Table III) cream. Patient ate as nearly as possi- 

ble the same amount of food each day. 

This was not strictly constant, however. 

The analytical results of these experiments will be found in Tables 

ft livand IIT. 

1 Some brief explanation seems desirable of the manner in which the analytical 

results of these experiments are here expressed. Instead of writing so many 

grams of urea, kreatinin, etc., as is at present customary, I have chosen to state 

in the tables only the amount of nitrogen represented by the several nitrogenous 

substances. Total sulphur, inorganic sulphates, ethereal sulphates, and neutral 

sulphur are expressed only in grams of sulphur ; phosphates and chlorides are 

expressed in grams of phosphorus and chlorine respectively. The above ap- 

pears to me to be the most rational and consistent plan of presenting the results 

of metabolism experiments or even of isolated urine analyses. 

The advantages gained from such a plan are brevity, clearness, and convenience. 

Both on account of the difficulty in examining tables containing many columns 0 

closely printed figures, and on account of the considerable cost to journals of print- 

ing large tables, it is desirable that we omit from our tables all unnecessary figures. 

The absolute amounts of the nitrogenous substances, urea, etc., are unnecessary, 

because they can be quickly calculated by multiplying the amount of nitrogen 

(urea-nitrogen, for instance) by the proper factor (2.14 for urea). For the con- 

venience of the reader, such factors are given below. The tables will be found, I 

think, less confusing on account of the fewer figures. The convenience is found 

in the original calculation of results, and in the ease with which one can see the 

distribution of the total nitrogen among the various nitrogenous constituents. For 

sulphates, phosphates, and chlorides I have merely adopted the custom growing in 

analytical chemistry, of stating the results as here given, instead of using the rather 
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374 Philip Shaffer: 

As stated in the tables, varying amounts of bile were injected 

through the fistula on two days during each period. This was done 

in order to determine what effect the presence of bile in the intes- 

tines would have on the general metabolism as indicated by the com- 

position of the urine. The days on each diet when no bile was 

injected were intended, first, to show any deviation from the normal 

metabolism which might be referable to the absence of bile from 

the intestine, and the consequent lack of its reabsorption and of the 

other processes which may be involved; and, second, to serve as 

control for the periods of bile injection. 

The urine constituents which are of interest in this case are 

neutral sulphur, ethereal sulphur and indican, total nitrogen, urea 

and ammonia, and kreatinin. 

NEUTRAL SULPHUR. 

The belief appears to be generally held that the neutral sulphur of 

the urine is to a considerable extent derived from the taurin of the 

bile! This is based upon the experiments of Kunkel,?2 who found 

a lowered excretion of neutral sulphur in dogs when bile was diverted 

from the intestine; and upon the experiments of Salkowski,? which 

showed that after taurin ingestion by man and dogs, it was to a great 

extent excreted in the urine unchanged, or as taurocarbominic acid, 

thus increasing the amount of neutral sulphur. If the above belief is 

correct, we should expect that the neutral sulphur excreted by a 

inconsistent and antiquated SO; and P.O;, or H,SO,, HCl, or NaCl. The only 

objection to the plan of presenting results here used is that it differs in some par- 

ticulars from that used in past papers on metabolism, both in America and abroad, 

and therefore may cause some temporary difficulty in the comparison of results of 

different authors. But this difficulty will at worst be no greater than is now usually 

encountered when one attempts to compare different results; and obviously, should 

this or a similar plan of presenting results of metabolism experiments be generally 

adopted, the difficulty would soon disappear or be reduced to a minimum. 

Several investigators active in metabolism have agreed with the writer to present 

their results according to the above suggestions, and it is hoped that still other 

workers in this line will decide to do so. 

Urea factor = 2.145 Kreatinin factor = 2.695 

Ammonia factor = 1.214 Uric acid factor = 3.00 

1 HopkKINS: SCHAEFER’s Text-book of physiology, i, p- 632. 

2 KuNKEL: Archiv fiir die gesammte Physiologie, 1877, xiv, p- 344- 

8 SALKOWSKI: ViIRCHOW’S Archiv fur pathologische Anatomie, 1873, lviii, p- 460. 
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patient with a permanent biliary fistula would be low, since no bile 

containing taurocholic acid would be present in the intestine to be 

there reabsorbed. Furthermore, if this belief is correct, we should 

expect the neutral sulphur excretion in such a patient to be increased 

following the injection of bile into the intestine, or ox bile medication. 

Regarding these points let us inspect the results in the tables, paying 

especial attention to the averages representing the several periods. 

Two rather surprising facts are apparent: first, in Tables I and II, 

from the high proteid and low proteid diets respectively, the neutral 

sulphur excretion without bile in the intestine is decidedly just as 

high as Folin’s published results from the normal. Folin’s average 

is 1.32 gm. total sulphur with 0.07 gm. neutral sulphur; the neutral 

sulphur is thus 5.1 per cent of the total. The average excretion of 
my patient on practically the same diet, without bile in the intes- 

tines is 1.29 gm. total sulphur and 0.12 gm. neutral sulphur, the 

latter being 9.3 per cent of the total. On this high proteid diet the 

excretion of neutral sulphur, while the influence of bile was excluded, 

was even higher than Folin’s average, though it is not abnormally 

high. On comparison with Folin’s average for the normal given 

above, I at first concluded that the neutral sulphur excretion from 

this case was abnormally high. However, in a personal letter from 

Dr. Folin regarding his sulphur results on the high proteid diet, he 

makes the following statement, which with his permission I take 

pleasure in quoting: 

“ Renewed investigations of the sulphur metabolism, by the help of the im- 

proved analytical technique, have shown that the absolute amount of neutral sul- 

phur eliminated is, after all, to some extent dependent on the sulphur of the food. 

The variations in the neutral sulphur elimination on nitrogen rich and nitrogen 

free diets are nearly if not quite as great as the corresponding variations in the 

elimination of uric acid. Even when I wrote my paper on the laws governing 

the composition of urine, it seemed to me rather remarkable, not to say sus- 

picious, that such a miscellaneous group of substances as the neutral sulphur 

must be supposed to represent should exhibit such a constancy. With the tech- 

nique then in use I was, however, unable to show that the neutral sulphur of 

the urine was to any extent immediately derived from the sulphur of the 

food.” 

In view of Folin’s recent results I have used his corrected average! 

for comparison with the figures from this patient while on the high 

proteid diet, and with his corrected averages my results agree. 

1 Given in parenthesis in Table I, p. 269. 



376 Philip Shaffer. 

On the low proteid diet, without bile in the gut, the neutral sulphur 

also agrees well with Folin’s average. ‘The absolute amount of neu- 

tral sulphur is practically the same as Folin’s average, and the dif- 

ference between the neutral sulphur percentages is well within the 

normal variation. 

For the mixed diet (Table III) I have no normal standard for 

comparison, but the neutral sulphur is perhaps high even when bile 

was absent from the intestine In these experiments, therefore, we 

certainly find no indication of a lowered excretion of neutral sulphur 

when bile is diverted from the intestine. 

The question whether the neutral sulphur excretion is increased 

when bile is again introduced into the intestine is likewise answered 

by these experiments, in the negative. The amount of bile injected 

during the first experiment (100 c.c.) was too small, and contained 

only 0.023 gm. sulphur each day. This is perhaps hardly enough to 

make us expect any increase of neutral sulphur in the urine. At 

10 Pp. M. on November 1 and 2, 350 C.C. of the patient’s bile containing 

6.4 gm. of solids and 0.054 gm. sulphur were injected each day. The 

average neutral sulphur in the urine from these two days is 0.08 gm., 

and the average of the three control days is 0.07 gm. The increase. 

is too slight to justify the conclusion that the bile is responsible. 

During the third experiment at IO P- Mm. on November 17, and again 

on the 18th, 350 c.c. bile was again injected. This bile contained 7.1 

gm. solids and 0.057 gm. sulphur. The neutral sulphur on the days 

following this injection is not higher than on the control days, when 

bile was absent from the intestine. The average (0.14 gm.) is even 

lower than the control average (0.16 gm.). 

During November 23, 24, and 25, the patient took by mouth 20 gm. 

of dried ox bile? The average neutral sulphur for these days is 0.17 

gm. I consider the slight increase over the control average quite 

incidental. 

It may be possible that the sulphur contained in the ox bile and in 

1 On the mixed diet the neutral sulphur is decidedly higher than on either the 

high or low proteid diets. To what is this increase due? During the third ex- 

periment the patient walked two miles each day. Is the increased neutral sulphur 

due to this increased muscular activity, or is it due to some sulphur compounds of 

the meat eaten? H. BENEDICT (Zeitschrift fir klinische Medizin, 1899, xxxvi, 

p 251) found that the amount of neutral sulphur was not increased by muscular 

work, or indeed by an increased consumption of body proteid. 

2 Unfortunately, an analysis of this bile was not made. Another sample of the 

same brand purchased later contained in 20 gm. 0.246 gm. sulphur. 
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the human bile was not sufficient to cause any great increase in the 

neutral sulphur of the urine, but this is not probable. Had all the sul- 

phur of the injected bile been excreted as neutral sulphur in the urine, 
the latter would have been increased 75 per cent on the low proteid 

diet and about 40 per cent on the mixed diet. On the low proteid 

diet the increase was only 14 per cent, while on the mixed diet there 
was a decrease of neutral sulphur equivalent to 12 per cent. The 

increase following ox bile medication is only 6 percent. These varia- 

tions are no greater than are encountered in normal subjects. A 

stronger argument that the sulphur of the bile is not the source of 

the neutral sulphur of the urine is, however, our finding that the 

neutral sulphur from this subject is not lower than normal when bile 

is excluded from the intestine and is flowing through the fistula. 

Ican find no evidence in these experiments that the sulphur of the bile 

is to any considerable degree the source of the neutral sulphur of the 

urine. 

This conclusion is, of course, quite contradictory to the common 
belief stated above. Kunkel claimed that the excretion of neutral 

sulphur in its relation to total sulphur was decreased in dogs with 

biliary fistula; and further showing his confidence in the dependence 

of the neutral sulphur upon the sulphur of the bile, he claimed that 

the sum of the sulphur of the bile passed through the fistula and the 

remaining neutral sulphur of the urine equalled the amount of neu- 

tral sulphur excreted under normal conditions. In other words, he 

evidently believed that all of the sulphur of the bile regularly appears 

each day as neutral sulphur in the urine. Were this true, we should 

have found the neutral sulphur excretion in this case lower than the 

normal when the bile was flowing through the fistula, and increased 

by the amount of the sulphur contained in the bile, after the injec- 

tion of the patient’s own bile back through the fistula. This we did 

not find. 

If after further experiments it should prove to be a fact, as my re- 

sults indicate, that the neutral sulphur of the urine is zo/, to any con- 

siderable extent, derived from the taurin of the bile, we have yet to 

explain the results recorded in the literature, that the neutral sulphur 

excretion in cases of chronic icterus, and in similar conditions experi- 

mentally produced in animals by ligating the common duct or other- 

wise, are higher than normal. 

1 Spiro (Archiv fiir Physiologie, Leipzig, suppl. Bd., 1880, p. 50) found in the 

urine of dogs with biliary fistula only from 50 to 81 per cent of the total sulphur as 

simple sulphates, even when all bile was absent from the intestine. 



378 Philip Shaffer. 

Fr. Miiller,! in his series of experiments on cases of icterus, found 

in a case of cholelithiasis (Experiment 5) on a milk diet containing 

48.85 gm. N in three days, or 16.28 gm. N per day, the following 

amounts of sulphur in the urine: 

< 7 ; Total Ethereal Neutral 

Total N TotalS — Sulphates Ss Ss 

Total for three days - . 47-63 4-04 3.38 0.264 0.659 

Average perday . . - 15.88 1.35 1.13 0.088 0.220 

Per cent oftotalS . - $3-7 6.5 17-0 

The same patient on a meat diet containing an average of 22.5 gm. 

N per day excreted in the urine: 

Total N Total S ase Erheres Neu 

Total for two days . - 3-07 Dale 0.32 o.55 

Average per day ee on Uas7 ails 1.53 1.26 0.16 0.275 

Per cent of totalS . - 82.4 10.4 17-6 

Miiller’s results were expressed as H,SO,. I have recalculated 

them as sulphur. 

Miiller distinctly states in his paper that the neutral sulphur in 

these cases is not higher than normal, though the correctness of his 

conclusion is open to some doubt. Certainly the neutral sulphur in 

the two cases quoted is decidedly higher than -Folin’s average from 

normal individuals (0.102 gm.). 

Lépine? and his coworkers have also shown, in cases of chronic 

icterus and in dogs with the common bile duct ligated, that the 

neutral sulphur excretion is relatively higher than normal. While 

these results are lacking in a satisfactory basis for comparison with 

the normal, it may fairly be concluded that the neutral sulphur 

excretion in such conditions is high. 

The reason for this high neutral sulphur is perhaps to be found 

in the fact that when the bile passages are occluded, the bile, 

instead of flowing into the intestine or being excreted through a 

fistula, as in the subject of my experiments, was being absorbed from 

the bile passages by the lymph and blood, causing icterus, and thus 

being diverted from the normal circulation of the bile (‘‘ Kreislaufe 

1 MULLER: Zeitschrift fiir klinische Medizin, 1887, xii, p. 45. 

2 LEPINE: Revue de médicine, 1881, pp- 27, 9IT- Maty’s Jahresbericht uber 

die Fortschritte der Thierchemie, 1882, xi, p. 327- LEPINE and GUERIN : Comptes 

rendus de la société de biologie, xCVvii, p. 1074. 
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der Galle”). Benedict! thinks that the high neutral sulphur cannot 

be explained by such direct absorption into the blood, because, he 

says, the absolute amount of neutral sulphur of the urine coming 

from the bile would be the same, whether absorbed from the intestine 

as normally, or absorbed from the bile passages. With this latter 
conclusion it is difficult to agree. 

It seems to me much more reasonable to believe that when the 

bile is diverted from its normal circulation by means of an obstruc- 

tion in the bile passages, and is there directly reabsorbed without 

passing first to the liver, the sulphur compounds of the bile may be 

more or less rapidly excreted from the blood by the kidneys, thus 

causing an increase of the neutral sulphur of the urine; whereas nor- 

mally the sulphur components of the bile are absorbed from the in- 
testine and go by way of the portal vein direct to the liver, there to 
be retained and again excreted in fresh bile. 

According to this conception the taurin of the bile is not normally 

a source of the neutral sulphur of the urine, but becomes such when 

the bile is under pathological conditions reabsorbed directly into the 

circulation from the bile passages without passing first through the 
liver. 

There are few observations in the literature throwing any light on 

the correctness of this idea. Salkowski,? on feeding taurin to man 

and dogs, found thé greater part excreted in the urine as tauro- 

carbominic acid. This result is not necessarily contradictory to the 

above idea. It is quite conceivable that when a great excess of taurin 
without a corresponding excess of other bile constituents (cholalic 

acid) is absorbed from the gut and carried to the liver, the taurin 

is not converted into taurocholic acid and excreted in the bile, be- 

cause of the lack of the necessary cholalic acid, but is circulated in 
the blood and removed therefrom by the kidneys. This explanation 

was suggested by Salkowski in the paper above cited. 

Bergmann® has recently shown that cystin alone fed to dogs with 

biliary fistula does not increase the taurin of the bile, but when 

sodium cholate is fed with cystin, the taurin is much increased. 

Whether this result may be applied to man is open to doubt, since, 

according to Loewy and Neuberg,' the sulphur of cystin fed to a 

Benepict, H.: Zeitschrift fiir klinische Medizin, 1898, xxxvi, p. 286. 
SALKOWSKI: Loc cit. 

BERGMANN: HOFMEISTER’S Beitrage, 1904, iv, p. 192. 

Loewy and NEvuBEBG: Zeitschrift fur physiologische Chemie, 1904, xliii, 

P- 342. 

1 

2 

8 

4 
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normal man was excreted in the urine as sulphates and thiosulphates ; 

but in the absence of further evidence we may accept Bergmann’s 

result as supporting Salkowski’s suggestion. 

ETHEREAL SULPHATES AND INDICAN. 

The amount of ethereal sulphates and indican excreted by this 

patient is of interest in connection with the supposed preventive 

action of bile on intestinal putrefaction. Whether bile has such an 

action, and the manner of it, has been under dispute. The more 

recent belief appears to be that the presence of bile in the gut re- 

tards putrefaction only indirectly by assisting the absorption of fats 

and thus allowing the digestive juices to come into contact with the 

proteids, and preventing their accumulation in the intestine." 

As regards the value of the amount of ethereal sulphates or indican 

as an indication of the degree of intestinal putrefaction, there has 

been much controversy.2 Folin’s conclusions,® stated below, seem to 

me correct, and are largely confirmed by some of my own unpublished 

results. 

«(1) The urinary indican is not to any extent a product of the 

general protein metabolism, is therefore probably, as is generally 

supposed, a product of intestinal putrefaction, and may consequently 

be assumed to indicate approximately the degree of putrefaction in 

the intestinal tract. 

“(2) The ethereal sulphates can only in part be due to intestinal 

putrefaction, and neither their absolute nor their relative amount can 

be accepted as an index of the extent to which putrefaction is taking 

place in the intestines.” 

On inspecting the results shown in Tables I, II, and III, we find 

that on the high proteid diet and without bile in the intestine, the 

patient excreted an average of 0.10 gm. sulphur as ethereal sulphates 

as compared with Folin’s normal average of 0.09 gm. On the low 

proteid diet there was a decrease to an average of 0.063 gm. as com- 

pared with Folin’s average of 0.036 gm. The slight decrease from 

the amount excreted on the high proteid diet confirms in some 

measure the conclusion of Folin that the ethereal sulphur decreases 

with the total sulphur. The increase over Folin’s average on the 

1 HamMERSTEN: Physiological chemistry, New York, 1904, P- 339: 

2 HAMMERSTEN: Jé7d., pp- 503; 594: 

8 FoLin: This journal, 1905, xiii, p- 99- 
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low proteid diet, on the other hand, taken in conjunction with the 

high indican, as compared with Folin’s zero, is probably indicative 

of an increased intestinal putrefaction caused by the absence of 

bile. 
What effect did the injection of bile and ox bile medication have 

on the ethereal sulphur and indican? There appears to have been 

no effect upon the ethereal sulphur. This is certainly true for the 

high proteid and mixed diets (Tables I and III); on the low proteid 

diet the conclusion is not so clear. The decrease there noted is 

probably to be ascribed to the normal decrease with the diminution 
of total sulphur as found by Folin, and not to an effect on the bile 

injection. 
Regarding indican, the bile did effect a slight though distinct de- 

crease ; and this decrease is probably to be explained by a diminished 

intestinal putrefaction. As was to have been expected, the indican 

was on the whole quite high, and even following bile injection hardly 

reached the normal. 

ToraL NITROGEN. 

On the high proteid diet the patient’s absorption of proteids was 

good, shown by the average of the total nitrogen of the urine for 

the last three days of this period, 19.2 gm., which is 92.3 per cent 

of the nitrogen of the food. There is some indication that the ab- 

sorption of proteid was better following bile injection, though I do 

not feel justified in positively concluding from these experiments that 

thisisso. The increased amount of nitrogen in the first experiment, 

following bile injection for instance, might well be the result of a slow 

attainment of nitrogen equilibrium. , 
Joslin, in experiments upon a case very similar to the subject of 

these experiments, found an absorption of 93 per cent of the proteid 

of the food after ox bile medication (30 gm. Fel. taurin in four 

days) as compared with 81 per cent before and 88.7 per cent following 

the bile period. The same patient some months later, after a second 

Operation when the bile ducts had been made patent, absorbed 88 

per cent of the proteid in the food. The difference in the absorp- 

tion of proteid with and without bile in the intestine was therefore 

very slight. There is no satisfactory evidence that bile is con- 

cerned in the absorption of proteid. 

1 Except in so faras the decrease of indican above mentioned was accompanied 
by the decrease of sulphur in the indoxyl-sulphate. 

2 JosLin: Journal of experimental medicine, tyo!, v, p. 513. 
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UREA AND AMMONIA. 

Based on his experiments upon normal persons, already frequently 

referred to, Folin has put forward the following “laws”: ‘‘ Urea 

[is] the only nitrogenous substance [of the urine] which suffers a 

relative as well as an absolute diminution in the total protein-metab- 

olism.”! Ammonia: “ with pronounced diminution in the protein- 

metabolism (as shown by the total nitrogen in the urine), there is 

usually but not always, and therefore not necessarily, a decrease in 

the absolute quantity of ammonia eliminated. A pronounced reduc- 

tion of the total nitrogen is however always accompanied by a relative 

increase of the ammonia nitrogen, provided that the food is not such 

as to yield an alkaline ashe 2 

Both these statements are confirmed by the results in Tables I and 

II: the absolute amount of urea nitrogen and likewise its percentage 

of the total nitrogen are decreased on changing from a high to a low 

proteid diet. The figures for urea compare well on both diets with 

Folin’s average. 

Ammonia decreases in absolute amount and its percentage in- 

creases, as Folin found; but on both diets the absolute amount of 

ammonia nitrogen is considerably higher than the normal. On the 

high proteid diet this patient excreted an average of 1.43 gm. and 

1.58 gm. ammonia nitrogen as compared with Folin’s 84 gm. On 

the low proteid diet without bile in the intestine, we find 0.87 gm. 

ammonia nitrogen, while Folin’s average is 0.38 gm. On the mixed 

diet without bile in the intestine, we find an average of 1.23 gm. 

ammonia nitrogen. The percentages of the total nitrogen likewise 

show that'the ammonia excreted by this case is higher than the nor- 

mal upon the same diets. The reason for this I do not know. It can 

scarcely be ascribed to the condition of acidosis, since no acetone sub- 

stances appeared in the urine. Schilling® recently confirmed the 

earlier observations that an increased ammonia excretion followed the 

injection of large amounts of fats. And Brugsch* has shown that 

acetone substances appeared in the urine of a fasting person who had 

considerable adipose tissue; while these substances were not excreted 

1 Fouin: This journal, 1905, xiii, p- 94- 

2 Foiin: Loe. cit., p- 92- 

8 ScHILLING: Archiv fiir klinische Medizin, 1905, Ixxxiv, p- 327- 

4 BRuGscH: Zeitschrift fiir experimentelle Pathologie und Therapie, 1905 

i, p. 419. : 
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by a lean and emaciated patient who had taken no food for twelve 

days. Brugsch concludes that these substances are excreted only when 

there is a marked consumption of fatty tissue. Neither of these ex- 
planations can properly be applied to this case, because the fats of 

the food were poorly absorbed, and because the patient had only very 

little adipose tissue. 
What effect had bile injection on the ammonia excretion ? 
The result is negative on the high proteid diet, perhaps because 

the amount of bile injected was too small (100 c.c. each day). On 

the low proteid and mixed diets the averages are as follows: 

Total N NH,—N BEL sent a 
[eae absent from 

Low proteid diet -_ intestine 4.88 0.87 7.8 

| Bile i injection 4:59 0.58 12.6 

Bile absent from 

Riiked diet | intestine 95° 1-23 ce has 

eis injection 11.28 1.36 12.05 

Ox bile medication 9.48 0.97 10.3 

On the low proteid diet, when more bile (350 c.c. each day) was in- 

jected than during the high proteid diet, there is a fairly marked 

decrease of ammonia nitrogen, both absolute and in per cent, of 

the total nitrogen following bile injection. On the mixed diet the 

ammonia nitrogen was not decreased after bile injection, thus throw- 

ing some doubt upon the result with the low proteid diet. After ox 

bile medication, however, there is a decrease of ammonia nitrogen. 

The results are not conclusive on this point. 

Another possible and perhaps probable cause of the high ammonia 

may have been an excessive formation of organic acids. Unfortu- 

nately I did not make separate determinations of the “ mineral acidity ” 

and the organic acids, and therefore have no data bearing on this 

possibility. 

KREATININ. 

The kreatinin excretion in this case is uniformly low as compared 

with Folin’s normal, but it is by no means likely that this is in any way 

connected with the function of bile in metabolism. There was nei- 

ther increase nor decrease following bile injection or ox bile medi- 

cation, and we may safely conclude that the bile plays no part in 

kreatinin formation. This low kreatinin excretion will be discussed 
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in connection with other more recent results in a future paper from 

this laboratory. 

F CES. 

The analyses of the faeces are given in Table IV. The per cent of 

dried substance varied between 12 and 22 per cent. The amount of 

nitrogen in the faeces is even lower than figures given for the normal ! 

and justifies the rather generally accepted statements that the proteid 

absorption is neither prevented nor retarded by the absence of bile. 

There is no decrease of nitrogen in the faces following bile injection 

or ox bile medication. Joslin,? as already stated, found a decrease of 

nitrogen of faeces during ox bile medication. However, the need for 

improving the absorption of proteid in such cases is small, as shown 

by the small amount of nitrogen excreted in the faces. The large 

amount of fat in the stools of this case confirms this common observa- 

tion, but the amount of fat does not seem to have been diminished by 

bile injection or ox bile medication. This is not in accord with the 

results of Joslin, who found a decided decrease of fat in the stools 

during ox bile medication. Our patient took 20 gm. of dried ox bile 

in three days, while Joslin’s patient was given 30 gm. in four days. I 

cannot explain the difference in results. It might be that there are 

other factors necessary besides the bile, and such factors may have 

been present in Joslin’s case and absent in ours. At any rate, in 

view of the clinician’s evidence and of Joslin’s experiment, ox bile 

may be of therapeutic value in such conditions.® 

BILE. 

Analyses of the bile passed through the fistula during the three 

experiments are given in Table V. The results do not indicate the 

amount of bile normally excreted into the intestine by a healthy indi- 

vidual, because, as has been pointed out, fistula bile is always less than 

the amount normally secreted because of the lack of the bile normally 

reabsorbed from the intestine. These results are of interest regard- 

ing other points, however. By comparing the bile excreted on the 

high proteid diet with that excreted on the low proteid diet, we should 

1 Scumipr and STRASSBURGER: Die Faeces des Menschen, Berlin, 1905, 

pp. 119-124. 

2 JosLin: Journal of experimental medicine, 1901, v, p- 513- 

3 Dr. Brown tells me that she has noted some general improvement in this case, 

especially of the diarrhoea, from the use of ox bile. 
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TABLE IV. 

FACEs. 

- : = Hydro- 
| Total dried. Nitrogen. Total fat. | bilirubin. 

percent. | - ] per cent. 
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be able to see the effect of food on bile secretion. The absence of 

any decrease of either solids, nitrogen, or sulphur of the bile on pass- 

ing from a diet containing more than 20 gm. of nitrogen to one con- 

taining about 4 gm. is very striking. Asa matter of fact, there was 

an increase instead of a decrease; but to this increase I attach no 

significance. It is certainly quite remarkable that the liver, which is 

so active in the formation of nitrogenous and perhaps of sulphur 

products of metabolism and digestion, secretes little if any more 

nitrogen and sulphur in the bile when the urine contains 15-19 gm. 

of nitrogen than it does when the urine contains only 4-6 gm. Wet 

this fact seems to be fairly well established. Spiro! in experiments 

on dogs with biliary fistula, found relatively only a slight increase of 

sulphur (0.059 to 0.173 gm.) and nitrogen (0.195 to 0.604 gm.) in the 

bile when the dogs were changed from complete fast to 1000 gm. 

meat. The nitrogen in the urine varied between 3.12 and 27.49 gm. 

Kunkel, in similar experiments on dogs, found that the per cent 

of the food sulphur appearing in the bile decreased very considerably 

with the increase of food sulphur. Ona high proteid diet 8 per cent 

of the food sulphur appeared in the bile, while 30 per cent was €x- 

creted in the bile on low proteid diet. Both these authors concluded 

that processes forming taurin are quite independent of those forming 

the sulphates of the urine, and that there is only very little relation 

between the amount of proteid in the food and the nitrogen and 

sulphur excreted in the bile? 

But Wohlgemuth * and Bergmann 5 have concluded that the taurin 

of the bile is derived from proteid. Bergmann’s result that feeding 

cystin without sodium cholate does not lead to increased taurin, 

together with the fact that increase of food proteid leads to little or 

no increase of taurin, suggests the question whether the cholic acid 

is derived from food proteid, food carbohydrate, or is itself a product 

of metabolism in the strictest sense. If the cholic acid is directly 

derived from food proteids, as these authors believe to be the case for 

taurin, it is not clear why increased food proteid did not lead to an 

1 Spiro: Archiv fiir Physiologie, Leipzig, suppl. Bd., 1850, p- 59. 

2 KuNKEL: Archiv fiir die gesammte Physiologie, 1577, xiv, p- 344: 

3 BaRBIERA has also found that the amount of nitrogen in the bile is independent 

of the nitrogen in the food, the former being about the same after a diet of fat as it 

is after a high proteid diet. (Annali di chimica e farmacologia, Dec., 1894 ; MALY’S 

Jahresbericht, 1894, xxiv, p- 381-) 

4 WouLcemutH: Zeitschrift fiir physiologische Chemie, 1903, xl, p. 82. 

5 BERGMANN: HOFMEISTER’S Beitrage, 1904, iv, p- 192- 
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increase of sulphur as taurocholic acid in my experiment, or to a still 

greater increase of bile sulphur in the experiments of Kunkel and 

Spiro. Further experiments must decide the source of cholic acid. 

There are doubtless differences characteristic of animal species which 

should be considered in applying results from experiments on dogs to 

omnivorous or herbivorous animals. 

What effect had bile injection and ox bile medication on the amount 

of solids, nitrogen, and sulphur in the bile? After each injection of 

bile through the fistula, as well as after ox bile medication, the amounts 

of solids, nitrogen, and sulphur were increased. This increase, although 

not great, is quite considerable, and agrees with the results of Stadel- 

mann, Pfaff and Balch, and others. The experiments of Pfaff and 

Balch! are particularly effective in proving that ox bile or human 

bile medication increases the amount and composition of the bile. 

The manner of this action would appear, however, to be not a stimu- 

lation of the liver to form fresh bile from the ordinary sources, but 

merely in furnishing the liver with the ready-made bile constituents, 

which it separates from the other material absorbed from the intes- 

tines, and excretes through the proper channels. If bile as a chola- 

gogue has astimulating effect on the liver, we should properly expect 

the amount of bile excreted after its administration to be rather more 

than the sum of bile administered and the average amount passed 

before bile medication. This is not the case. In my experiments, 

for instance, on November 1 and 2, bile containing 6.4 gm. solids 

was injected each day, which amount added to 4.29 (the average bile 

solids for October 30, 31, and November 1) gives 10.69 gm., the 

minimum to be expected if the bile injected caused more fresh bile 

to be secreted. The average solids following this injection was 

5.8 gm. Similarly, if the 20 gm. of dried ox bile be divided between 

the four days the bile for which was analyzed for the “ ox bile period,” 

we have 5 gm. + 4.86 gm. (average of control days) = 9.86 gm. per 

day. We found an average of 7.95 gm. of bile solids excreted. 

Pfaff and Balch’s results show the same thing,” namely, that after 

1 PFAFF and BALCH : Journal of experimental medicine, 1897, ii, p- 49. 

2 In PFAFF and BALCcn’s experiments during thirty-seven days, without medica- 

tion, an average of 4.64 gm. bile solids, exclusive of ash, was excreted per day. 

During twelve days of human bile medication an average of 350 c.c. of the patient’s 

bile (dried), containing 2.8 gm. solids exclusive of ash, was given per day. The 

average bile solids exclusive of ash excreted during this period was 5.705 gm. per 

day, decidedly less than the sum of 4.64 and 2.8, or 7.44 gm. About the same 

relation is seen in the averages of ox bile medication; an average of 7.85 bile 



390 Philip Shaffer. 

bile medication more bile is excreted, but the amount of solids is not 

so great as the sum of that excreted before medication and that admin- 

istered, This is admittedly a faulty line of reasoning, because, instead 

of absolute amounts of bile salts, the substances in question, I have 

used the amounts of total solids, including inorganic salts. The 

amount of bile salts has not been determined in these experiments. 

But the same conclusion is reached from a consideration of either 

the total nitrogen or the total sulphur of the bile, and this conclusion, 

I believe, will be found to be correct: that while bile is a colagogue, it 

is not an hepatic stimulant. 

SUMMARY. 

1. The patient's metabolism appeared to be normal, except for the 

poor absorption of fats, the high excretion of indican, doubtless caused 

by an increased intestinal putrefaction, the high excretion of ammonia, 

and the low excretion of kreatinin. The kreatinin excretion was not 

affected by the absence of bile from the intestine, and a discussion 

of it is left toa future paper. The cause of the high ammonia in this 

urine is not understood. 

>. The relation between the neutral sulphur of the urine and the 

taurin of the bile is discussed and the conclusion reached, that nor- 

mally the taurin of the bile is not to any considerable extent the 

source of the neutral sulphur of the urine. The suggestion is made 

that in icterus, however, the increase of neutral sulphur may be 

derived from taurin which has been absorbed from the bile passages 

directly into the circulation, and has thus been diverted from the 

normal “ Kreislaufe der Galle.” The neutral sulphur of the urine 

from this patient was not lower than the normal, and was not in- 

creased when bile was injected through the fistula, or following ox 

bile medication. 

solids exclusive of ash was given as 11.09 exclusive of ash excreted. Had even 

all of the bile taken been excreted again as bile, we should have an average of 

4.64 + 7.85 = 12-49. That so much was not excreted is doubtless to be explained 

by an incomplete absorption from the intestine. Only during bile salt medication 

is there indication that more bile salts were excreted than the sum of that given 

and the average without medication. According to their analyses 34.52 per cent 

of the bile solids excreted during the period of bile salt medication represents bile 

salts. This amounts to an average of 4.04 gm. per day, while the average 

bile salts excreted without medication was 2.11 gm. per day. An average of 

1.41 gm. bile salts was given each day. Whether there was here an actual 

stimulation of the liver to form new bile cannot be decided without further 

experiment. 
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3. The amount of fat lost in the faeces was high, and was not 

decreased by bile injection or ox bile medication. The absorption of 

proteids was good, even without bile in the intestine. 

4. Analyses of the amount of solids, nitrogen, and sulphur in the 

bile are given, and their relation to the amount of proteid in the food 

is discussed. The results show no relation between the composition 

of the bile and the amount of food proteid. 

5. The excretion of bile was increased after bile injection and ox 

bile medication. The method of bile’s action as a colagogue appears 

to be merely in furnishing the liver with ready-made bile constituents. 
which it excretes by the proper channel, the bile passages. Bile 
does not appear to cause the liver to secrete strictly new bile, and 

therefore is probably not a liver stimulant. 

6. Some of Folin’s results regarding normal metabolism are 
confirmed. 



STUDIES OF THE PERISTALSIS OF THE URETER OF 

DOGS BY THE GRAPHIC METHOD. 

By D. R. LUCAS. 

[From the Laboratory of Physiological Chemistry of Columbia University, at the College of 

Physicians and Surgeons, and from the Rockefeller Institute for Medical Research, 

New York.) 
INTRODUCTORY. 

Oe present knowledge of the movements of the ureter dates 

back to the classical studies of Engelmann,} published about 

thirty-seven years ago. His careful studies were made by simple 

ocular observations of the movements of the ureter in the dog, cat, 

rabbit, and rat. Engelmann made the statement that in the dog the 

movements might be studied by the graphic method; he, however, 

did not carry out such experiments. The studies by Sokoloff and 

Luchsinger,? which were published about a dozen years later, were 

also made by simple inspection. These observers removed the ureter 

from the animal and studied the influence of the intraureteral pres- 

sure upon the rate of contractions, the ureter being immersed in a 

saline bath. The next experimental studies, made directly upon the 

ureter, were reported by Fagge® only a few years ago. They were 

carried out on dogs, and were conducted by the graphic method. 

L. Stern# studied recently by the graphic method the movements of 

the ureter of guinea pigs. The ureter was removed from the body 

and kept in warm solution of 0.8 per cent sodium chloride. 

Besides these direct investigations of the behavior of the ureter, 

we find incidental remarks on the contractions of this organ in nu- 

merous papers upon the so-called ureter pressure. In these latter 

experiments, which aimed chiefly at a study of the factors in renal 

secretion, the ureter was connected with a mercury manometer. 

1 ENGELMANN: Archiv fiir die gesammte Physiologie, 1869, ti, p- 243: 

2 SoKOLOoFF and LUCHSINGER: Thid., 1881, xxvi, p- 464- 

8 Face, C. H.: Journal of physiology, 1902; XXViil, p- 304: 

4 STERN, L.: These de Geneva, 1903- 
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Some observers took notice of certain undulations of the mercury 

which appeared to be due to the contractions of the ureter. Hender- 

son! gave a condensed account of the changes in the ureter pressure 

so far as they were due to the contractions of the ureter. He pub- 

lished no tracings. Frey? recently observed frequent fine undula- 

tions of the mercury meniscus in the manometer while the pressure 

was gradually increasing. A curve of these fine, hardly visible un- 

dulations was reproduced. These rhythmic waves were less frequent 

than the respirations, and Frey ascribed them to the contractions of 

the ureter. 

Fagge, who was, as stated above, the first one to obtain graphic 

presentation of the ureter contractions, gave only a short account of 

his observations. His method consisted in introducing a very fine 

silver cannula from the interior of the bladder into the lumen of one 

ureter. Over the perforated end of the cannula was fixed a small 

rubber capsule, and in one or two cases the balloon was introduced 

through a longitudinal slit about the middle of the ureter. It may 

be remarked here that such a balloon in the narrow lumen of the 

ureter probably offers considerable resistance to the flow of the 
urine, which is surely not without influence upon the rate and char- 

acter of the ureteral waves. Fagge stated that the ureter in many 

cases was found to be motionless or to present slight contractions 

recurring at intervals of thirty to sixty seconds. Stimulation of the 
hypogastric nerve was always followed by a motor effect upon the 

ureter which consisted either of a quickening of the normal rhythm 

of contraction or of a production of groups of contractions in a 

previously motionless ureter. Fagge published two short tracings 

illustrating these effects. 
As a study of the literature shows, the functional activities of the 

ureter have received very little attention.? Consequently, this field 

seemed to me to offer favorable opportunities for experimental re- 

search. For the past two years or more I have been engaged in the 

investigation of several problems connected with the physiology and 

pharmacology of the ureter. The work was carried on in the labora- 

1 HENDERSON, V. E.: Journa! of physiology, 1905-1906, xxxiii, p. 175. 

2 Frey, Ernst: Archiv fiir die gesammte Physiologie, 1906, cxii, p. ‘71. 

8 The so-called ureter pressure which was the subject of many studies is, as 

already pointed out by Henderson, a misnomer. In the investigations referred to, 

it was not the pressure of the ureter that was studied, but the pressure of the kidney 
secretion as observed in a manometer tied in the ureter. 

* A number of observations made by me on the physiology and pharmacology 
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tory of Physiological Chemistry of Columbia University at the College 

of Physicians and Surgeons. In the present paper, however, I shall 

confine my statements to a report of the results of a further study 

of the normal peristalsis of the ureter of the dog by the graphic 

method, chiefly carried out last summer under the direction of Dr. 

S. J. Meltzer in the Rockefeller Institute for Medical Research. 

EXPERIMENTAL. 

Methods. — The earlier experiments which led up to those herein 

described were made on dogs. As a rule, large animals were used. 

Different methods of anesthesia were employed: with ether, chloro- 

form, morphin and atropin, decerebration, intraspinal cocainization, 

subcutaneous injection of magnesium sulphate, etc. The results 

which are communicated in this paper, however, were cbtained ex- 

clusively under morphin anesthesia. Chloroform or ether were 

employed only for the purpose of studying their effects upon the 

ureteral peristalsis. 

The animal having been anesthetized and tracheotomized, the ureter 

was exposed by an incision along the linea alba from symphysis pubis 

to ensiform cartilage. The abdominal walls were then retracted, the 

intestines were drawn to one side, and the viscera as well as the rest 

of the animal were covered with warm towels and cotton. When the 

trocar method (to be described later) was to be employed, the kidney 

was exposed by another incision, along the lower border of the last 

rib, or by a small longitudinal incision directly over the kidney. The 

left kidney was used when this method was employed, on account of 

its lower and more accessible position. 

The principle I have employed in obtaining a graphic ‘presentation 

of the ureteral movements consists in connecting the lumen of the 

ureter or the renal pelvis with a water manometer, the undulations of 

the column of water being then transmitted by means of a float and 

style to a revolving drum. The connections with the ureter were 

made by three methods: 

of the ureter are omitted from this paper, because further study of the several prob- 

lems involved is desirable and will be made in the Department of Physiological 

Chemistry before their detailed publication. I have already presented a summary 

of some of them in a brief preliminary communication. See the Proceedings of the 

Society for Experimental Biology and Medicine, 1995, ii, p. 61; also Science, Xxi, 

p- 741; American medicine, ix, p- 7443; Medical news, Ixxxvii, p. 87. The ex- 

periments performed before June 1 of the present year were described in a thesis 

offered, from the Department of Physiological Chemistry, in partial fulfilment of 

the requirements for the degree of Master of Arts at Columbia University. 
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I. By introducing a T cannula into the ureter through a longitudinal 
slit. For brevity’s sake, this will be termed the T cannula method. 

2. By introducing into the ureter a cannula which is a modification 
of the Ludwig-Spengler artery cannula. In this modified cannula 
the two portions between which the vessel wall is clamped are made 
of half cylinders, the perpendicular portions of these being set nearer 
one end of each than the other. With this cannula a much smaller 
incision is required; no ligation being necessary, the propagation of 
the muscular wave of the ureter is only slightly interfered with, 
the vessels of the ureter can be avoided, and the nutrition of the 
ureter is only slightly impaired. The lumen of the ureter is also 
much less constricted than by the T cannula. This method will be 
referred to as the L cannula method. 

3. By introducing a trocar through the kidney into the renal pelvis. 
A trocar with a blunt obturator was pushed through the cortex and 
medulla of the kidney so that it just entered the renal pelvis. It was 
retained in place by a purse string suture around the point of punc- 
ture of the capsule of the kidney. This also helped to stop bleeding, 
which, however, was surprisingly slight. A small quantity of warm 
salt solution or urine aspirated fresh from the bladder was injected 
through the needle; thus the patency of the cannula and ureter was 
ascertained. This will be referred to as the trocar method. 

In connecting the cannula with the water manometer by means of 
narrow glass and rubber tubing, the low column of urine was sepa- 
rated from the water in the manometer by a column of air. Any 
movement of the urine caused an undulation in the manometer. 
These undulations were recorded on a drum by means of an Emerson 
float.! 

The lumen of the ureter remained patent in all methods. The 
T cannula, however, narrowed the lumen considerably, and the 
resistance which it offered to the flow of urine through the ureter was 
much greater than when the L method was employed. 

In most of the experiments of the present series the ureter re- 
mained in normal connection with the bladder. In some experiments, 
however, the ureter was severed near the bladder, the urine escaping 
into the abdomen or being carried out of the body by a glass tube 
connected with the cannula in the ureter. This cannula narrowed, 
of course, the lumen of the ureter, and thus afforded some resistance 

} Emerson, H: Proceedings of the Society for Experimental Biology and 
Medicine, 1904-1905, ii, p. 38. 
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to the flow of urine out of the ureter. In some of the experiments 

the urine was caused to drop on a pan connected with a Marey 

tambour, by means of which the flow of urine was recorded. 

In some cases the outlet cannula was connected with a measured, 

vertical glass tube of small calibre, enabling one to study the effect 

of the resistance to the flow of urine upon the peristalsis of the 

ureter, 

The dose of morphin varied from 0.06 to 0.12, depending on the 

size of the animal. This was given subcutaneously sixty to ninety 

minutes previous to the operation. All experiments were commenced 

in the morning; the animals had not been fed since the previous 

evening, but they had free access to water. 

The peristalsis of the ureter of dogs. — Engelmann’s statement that 

in “fresh” animals 3 to 6 spontaneous contractions occur in the ure- 

ter per minute (every ten to twenty seconds) refers only to rabbits. 

For dogs I find nowhere any definite data on this point. The above- 

mentioned observations of Fagge to the effect that in many cases the 

ureter was found to be motionless or that the contractions recurred 

at intervals of thirty to sixty seconds can hardly be accepted as an 

expression of what really takes place ina normal animal. (1 find, 

however, from one of the protocols of an experiment on a dog by 

Luchsinger and Sokoloff, that the ureter before its excision was con- 

tracting ten times per minute, In a dog in which the ureter was cut 

in the middle, they observed that the upper part was contracting ten 

times and the lower part four per minute.) As to my own experi- 

ments I have to state at the outset that in the observations made by 

simple inspection I have never seen a motionless ureter. In a few 

instances the graphic method has failed to reveal tracings of move- 

ments of the ureter. In these very few exceptions, however, the 

failure was due either to the use of chloroform or to some accidental 

fault in the technique. 

According to Engelmann, the spontaneous contractions of the ure- 

ter are less frequent the less “ fresh” the animal, In my experi- 

ments the animals, when they were ready for observations, were not 

“ fresh” any longer. Moreover, unlike the conditions of Engelmann’s 

simple method of observation, the ureter itself had to be handled in 

my experiments, in order to insert the cannulas. Furthermore, the 

deprivation of the renal pelvis and ureter of urine by the opening of 

the ureter or pelvis is another factor working against the appearance 

of the peristaltic movements in the ureter. Nevertheless, as a rule, 
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within a few minutes after the connections of the ureter with the 

graphic apparatus had been perfected, the ureter was causing curves 

to be traced on the drum, of one kind or another. 

Another point of interest is the fact that when the contractions 

had become well established, if not purposely interfered with, they 
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Ficures la and 16.— Ureter peristalsis. Middle of ureter connected by means of an 

L cannula with a water manometer, the style of which traced the undulations. Lower 

end of ureter connected with a vertical glass tube containing 11 cm. of urine. 

Figure 1 a obtained soon after beginning of experiment; Fig. 1 4 obtained 3 hours 

later. Time markings,6 seconds. Straight line the base line for the ureter pressure. 

continued in about the same frequency and character for three to four 

hours or even longer, —in fact, sometimes as long as the experiment 

lasted. Figs. 1@ and 1 4 are from the same continuous experiment. 

La was obtained at 11.30 A.M., and 14 was obtained at 2.30 P. M. 

The tracings differ very little in the two figures, either in frequency 
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Figure 2.—Peristalsis of middle part of ureter obtained by means of an L cannula. 

Urine discharged into bladder. Time, 6 seconds. Straight line base line. 

or in extent. This is especially noteworthy because during the long 

interval the animal was exposed to several tests, as, for instance, to 

the influence of chloroform or ether, and to which I shall refer later. 

The above figures also show that in this experiment the contrac- 

tions of the ureter occurred about 4 to 6 times per minute. This rate 

is quicker than the one given by Engelmann for rabbits, and more 

rapid by far than the rates observed by Fagge in his experiments on 

dogs. However, I have to state that the rate was by no means a 

constant factor in my experiments. Not only did the number of con- 

tractions vary for different animals, but also in the same animal; it 

varied with different influences, and sometimes changes in rate oc- 

curred suddenly without any apparent cause. Figs. 2 and 3 illustrate 

this. They are from different animals. In Fig. 2 the intervals be- 

tween the contractions varied between twelve to twenty seconds; in 
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Fig. 3 the intervals varied between twenty-four and fifty-four seconds 

and, exceptionally, an interval of even eighty or ninety seconds oc- 

curred. This was the case during the first half-hour of the experi- 

ment; later, the normal intervals were rarely longer than twenty 

seconds and were more regular. 

The contractions, or rather the markings of contractions of which 

I am speaking here, were obtained from about the middle of the 

ureter, the place which probably was mostly under observation by 

previous experimenters. 

While the rate of contraction of the middle part of the ureter 

varied sometimes, and although the intervals between the contrac- 
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Ficure 3.— Peristalsis of middle part of ureter obtained at the beginning of experiment 

by means of an L cannula. Urine discharged into bladder. Time, 6 seconds. 

tions were occasionally very long, | can state nevertheless in a gen- 

eral way that the contractions of the ureter of a dog anesthetized by 

morphin occur fairly regularly, the length of the period between 

the contractions varying in different animals as a rule from six to 

twenty seconds. The variation in different animals as well as in one 

and the same animal depends largely on external influences, chief 

among which are to be mentioned the amount of urinary secretion 

and the anesthetics employed. The significance of these factors I 

shall discuss later. * 

So far the experiments by the graphic method confirmed in a gen- 

eral way the statements made by other observers who studied the 

movements of the ureter by simple ocular inspection. I have, how- 

ever, made some other observations for which I have found practically 

no analogy in previous statements. In the curves of Fig. 3 it may be 

seen that each large elevation is superimposed by a number of fine 

undulations. This is more pronounced in Fig. 4, which was obtained 

in a later phase of the same experiment. These tracings were ob- 

tained from an “L cannula” in the middle of the ureter, the latter 

not being interfered with otherwise. I have, however, made a series 

of experiments in which two cannulas were inserted in the same ure- 

ter, one in the pelvis and another at about the middle of the ureter, 

and here I made the surprising observation that each cannula pre- 
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sented a radically different curve. While the curves from the middle 

of the ureter were large and infrequent, the curves from the renal 

pelvis appeared in the form of very frequent and small oscillations, 

each “ period” lasting only from one second to three. 
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Ficure 4.— Same as Fig. 3. Obtained about half an hour later. 

Fig. 5 presents two such synchronously written curves. The upper 

curve was obtained from a T cannula which was inserted at the junc- 

tion of the lower and middle third of the ureter. The lower curve 
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Ficure 5.— Upper tracing from T cannula in ureter at junction of middle and lower 

third. Lower tracing from renal pelvis by means of an L cannula. Urine discharg- 

ing into bladder. Time, 6 seconds. 

was obtained from an L cannula inserted in the renal pelvis. The 

pelvic oscillations were sometimes even more rapid than those shown 

on the portion of the curve reproduced. The experiment on this 

animal lasted over six hours, the cannulas were continually writing 

throughout the entire experiment, and the character of each curve 

remained the same until the experiment was terminated. 

The oscillations appear small and frequent also when obtained 

from the uppermost part of the ureter (see Fig. 6). It appears, 

however, that the ureter oscillations are a trifle larger than the pelvic 

oscillations. 
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From an analysis of the eleven experiments in which the renal 

pelvis was connected in one way or another with the recording appa- 

ratus, it appears that in four experiments in which the connections 

were made by means of an L cannula, all have shown the frequent 

short oscillations throughout nearly the entire experiment. In 

seven other experiments the connections were made by means of 

a trocar. Of these in three experiments all of the contractions 

nT 
en 

Ficure 6.— Upper tracing from renal pelvis by means of trocar. Lower tracing from 

L cannula in ureter very close to pelvis. Both straight lines are base lines for the 

intraureteral pressures. Urine discharged into bladder. Time, 6 seconds. 

appeared in the form of small frequent oscillations. In one (4th) 

experiment there was at first no movement at all, but later small os- 

cillations developed, apparently spontaneously. In another experi- 

ment (5th) there were no spontaneous motions of any kind during 

the greater part of the experiment, but an intravenous injection of 

caffein brought out some very small and very frequent oscillations. 

In one experiment (6th) the manometer connected with the renal 

pelvis wrote a straight line during the entire time of observation. 

Finally, in one experiment (7th), in which it was necessary to give 

the animal chloroform to keep it in anesthesia, very fine oscillations 

appeared once in a while, but were interrupted at irregular long in- 

tervals by slightly larger curves, which frequently continued without 

smaller oscillations. Apparently the connection of the renal pelvis 

with the recording instrument by means of the trocar method was 

less satisfactory than the L cannula. Very fine movements of the 

pelvis were probably not transmitted by the needle, but a rise of pres- 

sure in the pelvis brought them out. A venous infusion of saline, or 

an injection of caffein, and sometimes, also, a resistance to the flow 
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of urine in the ureter, induced by clamping of the ureter, favored 

the appearance of the frequent oscillations in the renal pelvis. 

I believe these experiments justify the general statement that the 

renal pelvis and the uppermost end of the ureter of dogs under the 

above conditions show as a rule 
very small contractions, which re- ~~ - et: 
cur for the most part regularly at 9. n ew v7) 7 V 
intervals of one to three seconds. §/ 1) | / 
Larger contractions, recurring at 

much longer intervals, appear 

sometimes also in tracings ob- ——$——<————— 

tained from that section of the ure- = Ficure 7.— Two-fifths the original size. 
ter, but, on the whole, they are Upper tracing by trocar from pelvis, 

lower tracing by T cannula from mid- 

Tees they Senco only for short dle part of ureter. A rise in the pelvis 

periods, are not large, and are al- curve corresponds to a drop in the 
ways superimposed by the small ureter curve. Oscillations in pelvis 
frequent oscillations... Lhe condi- curve hardly visible. Urine discharged 

; ‘ into bladder. Time, 6 seconds. 
tions under which they appear have 

not as yet been ascertained. Retarded flow in the lower part of the 
ureter seems to favor their occurrence, and in one case at least, their 

appearance corresponded to the relaxations of the tonus of the 

middle part of the ureter. Therefore it is more probable that the 

elevations were due to reflux of urine to the pelvis than to a contrac- 

tion of the pelvis (see Fig. 7). 

From the results of two experiments it would appear that the upper 

end of the ureter shows transitional contractions, that is, the contrac- 

tions are a little larger and a little less frequent than the ones from 

the pelvis, but they appear more frequently, and are distinctly smaller 

than the curves from the middle of the ureter. 
That the rapid oscillations were not due to heart beats and respira- 

tory movements has been frequently ascertained by a comparison of 

the number of each of these movements and also by the graphic 

method. It was: proved especially that the course and rhythm of the 

renal oscillations were in no way changed by deep respirations! or 

during apnoea (see Fig. 8). 

1 The animals were not curarized. Moderate movements made no impression 

upon the pelvis and ureter curves. Struggles of the animal, however, drove up 

the intraureteral pressure and changed temporarily the rhythm of the movements. 

The effect was probably due to an increased outflow of urine into the pelvis and 

ureter. 

. 
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With regard to the contractions of the middle part of the ureter, it 

has been stated above that the curves representing them were as a 

rule comparatively infrequent and fairly large. 
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Figure §8.—Two-thirds the original size. 

Upper tracing (respiration) by means ofa 

Marey cardiograph. Lower tracing from 

ureter close to pelvis by means of an L 

The deep respiration as well 

as the following pause made no impres- 

sion upon the oscillation of the ureter 

Time, 6 seconds. 

tannula. 

curve. 

a tendency frequently to appear 

drop at the crest of the curve. 

In experiments in which the urine was normally 

(This applies in 

general also to the curves obtained 

by means of the T cannula, which, 

by the way, were far less satisfac- 

tory than those obtained by means 

of the L cannula.) Of the four- 

teen experiments in which the 

middle part of the ureter was 

marking contractions, there was 

none in which the characters of 

these contractions were essentially 

the same as those observed in the 

pelvic tracings. In one experi- 

ment the urine was escaping from 

the lower end of the ureter through 

a vertical tube against a pressure 

of 20 cm. of water. In this exper- 

iment the contractions showed an 

inclination to become compara- 

tively small and recur as rapidly 

as once every three or four sec- 

onds. In other experiments in 

which the urine escaped through 

a cannula in the lower end of the 

ureter against a moderate pres- 

sure, the curves were of the type 

represented in Fig. I. They had 

bigeminal, and exhibited a slight 

discharged into 

the bladder, the curves were generally large and appeared less fre- 

quent. Among these latter experiments there were three in which 

most of the curves presenting the large contractions of the ureter 

were superimposed by numerous finer movements (see Figs. 4 and 9). 

In the course of the experiments such curves developed the tendency 

to appear frequently in long lasting elevations, the tops of which 

would present a shorter or longer line of slight oscillations. _More- 

over, near the end of a long experiment the large elevations tended 
7 
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to disappear entirely, and the tracing then consisted only of frequent 

smaller movements similar to those obtained from the renal pelvis 

(see Fig. 10). 
ny 
1 
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Ficure 9.— Peristalsis by an L cannula from middle of ureter showing fairly regular, 

large contractions, superimposed by smaller oscillations (“groups ” of some authors). 

Urine discharged into bladder. Time, 6 seconds. 

Such tracings make the impression that fatigue affects primarily 
the larger contractions. On the other hand, an intravenous injection 

of a large quantity of saline in the course of the experiment abolished 
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Figure 10.— Upper tracing by a T cannula at junction between middle and lower third 

of ureter. Lower tracing by an L cannula from pelvis. About 5 hours after begin- 

ning of experiment. Upper tracing shows tendency to lose the larger contraction, 

but not the finer oscillations. Time, 6 seconds. 

for a while the small oscillations and increased the frequency of the 
larger movements (see Fig. 11). Increased diuresis, and with it 

increased intraureteral pressure, favors apparently the development 

of the larger contractions in the middle part of the ureter. It should 

be stated again that ina large percentage of the curves obtained from 

the middle part of the ureter no fine frequent oscillations ever ap- 

peared either superimposed or alone during a long experiment, although 
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here too the tracings sometimes exhibited bigeminal or trigeminal 

crests. 

Only two successful experiments were made in which the lower end 

of the ureter, about one inch away from the bladder, was connected 

with the recording apparatus. In one experiment the movements were 

slight, and appeared at intervals of four to eight seconds, and only 

after considerable intraureteral pressure. For a short time at the. 

beginning of the second experiment there were moderately large 
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Ficure 11.— Peristalsis by an L cannula from middle of ureter, showing the effect of 

an intravenous injection of 50 c.c. of saline. Time, 6 seconds. 

contractions at intervals of six to ten seconds, but the contractions 

soon became frequent and small, and could not be distinguished from 

the oscillations which were simultaneously obtained from the renal 

pelvis. Although the number of these experiments is too small to 

permit of any positive conclusions, I have gained the impression that 

the contractions of the lower end of the ureter are generally more 

frequent and not nearly so large as those invariably exhibited at the 

middle part of the ureter. 

These graphic studies of the movements of the ureter brought out, 

in the first place, the fact that, besides the larger and infrequent 

contractions which were hitherto known, there are contractions of 

another kind which are small, but which appear with much greater 

frequency than the large ones, and which have not been described by 

other observers. These frequent oscillations appear especially in the 

renal pelvis and in the upper part of the ureter. Possibly these 

oscillations appear frequently also in the lowermost part of the ureter. 

In the middle part of the ureter these frequent small waves appear 

sometimes as superimposed oscillations of the larger contractions. 

These large contractions occur for the most part about the middle of 

the ureter, and occur rarely if ever in the renal pelvis and the adjacent 

part of the ureter. Possibly they occur occasionally in the lower part 

of the ureter. Fatigue of the middle part seems to affect primarily 

the large contractions, and favors the appearance of the frequent 
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oscillations in cases where they were superimposed upon the large 

contractions. 

The fact just referred to might explain the above-mentioned obser- 

vation of Frey, namely, that during the rise of the ureter pressure the 

mercury in the manometer showed very small rapid oscillations. 

The manometer was surely not connected with the uppermost or the 

lowermost part of the ureter. These rapid oscillations, therefore, 

WAL ALOR ILI SNS 
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Ficure 12.— From the same experiment as Fig. 1. Shows the effect of chloroform upon 

the ureteral peristalsis. 

might have been of the same kind that we have seen in the middle 

part when the latter was fatigued. Frey says expressly that he saw 

them only in a few of his experiments. 

The middle part of the ureter acts then differently from the upper 

and lower ends. May this phenomenon not be connected in some 

way with the fact that the middle part of the ureter has no nerve 

cells (Engelmann), or a lesser number than both ends (Dogiel and 

others) ? 

I shall not enter for the present into a further discussion of the 

merits of this theory. 

Effect of anesthetics. —I have yet to report on one or two more find- 

ings which are of theoretical and practical interest. I have stated 

above that in this series of experiments morphin was used as an 

anesthetic. The reason for not employing such efficient anesthetics 

as chloroform or ether was because they affect profoundly the be- 

havior of the peristaltic movements of the ureter. Of this point 

I have made a special study, the essential results of which I shall 

mention here very briefly. 

Both chloroform and ether reduce considerably the size as well as 

the frequency of the large contractions of the middle part of the 

ureter, and if continued abolish them entirely, the intraureteral pres- 

sure being reduced in all parts of the ureter (see Fig. 12). When 

the administration of the chloroform or the ether was only brief, 

sometimes the deteriorating effect did not set in until a little while 

after the use of the anesthetic was discontinued. In a few cases, 

a little while after recovery from the evil effect of the anesthetic, 

another period of deterioration set in as a second after effect. 

There are some differences between the effects of chloroform and 
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ether. I shall, however, omit here the minor details, and shall state 

that in general the effect of chloroform is much more®profound than 

that of ether. 

These observations give the probable key to the above-mentioned 

remarkable experience of Fagge, namely, that in his cases the ureter 
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FicurE 13.— Upper tracing by T cannula at junction of middle and lower third of ureter. 

Lower tracing by an L cannula from pelvis. Shows the effect of chloroform; the 

large contractions are abolished, but not the finer oscillations. (The larger elevations 

on the pelvic tracing correspond to sudden relaxations in the ureter tracing. See 

Fig. 7.) Time, 6 seconds. 

was either motionless or that movement appeared only once in thirty 

or sixty seconds. He used as an anesthetic, besides a preliminary 

injection of morphin, the A. C. E. mixture (alcohol, chloroform, and 

ether). 

Of special interest are the following observations. When the 

anesthetic was administered in cases in which the large contractions 

of the middle portion of the ureter were superimposed by the small 

rapid oscillations, the anesthetic affected at first the large contrac- 

tions, leaving the small oscillations unimpaired, thus converting the 

curve into one resembling that obtainable from the renal pelvis. 

Furthermore the small oscillations from the renal pelvis proved to be 

also more resistant to anesthetics than the larger contractions from 

the middle part of the ureter. (See Fig. 13, upper and lower curves.) 

This fact is in analogy with the behavior of the large and small con- 
tractions towards fatigue. The small contractions are apparently more 

resistant to pernicious influences. 

Finally, it must be mentioned that possibly the morphin anesthesia 
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is also not without detrimental influence upon the movements of the 

ureter, and that the actual normal peristalsis of the ureter might per- 

haps differ in some material points from those observed in these 

experiments. 

RESUME. 

The essential points brought out in this section of my study of the 

ureter of dogs, by the graphic method, may be summarized as follows: 

Even under morphin anesthesia the middle part of the ureter 

(comprising at least two-thirds) shows comparatively large contrac- 

tions which recur, if the urine is permitted to flow unimpeded into 

the bladder, at intervals varying from six to twenty seconds. 

The renal pelvis and the uppermost part of the ureter show con- 

tractions of another type, namely, small oscillations which recur much 

more frequently than the large contractions. 

Chloroform and ether affect profoundly the large contractions of 

the ureter, so as even to abolish them completely, while the smaller 

oscillations show a greater resistance towards anesthetics. 

It is a great pleasure to express my sincere gratitude to Prof. 

William J. Gies for the uniform kindness, encouragement, liberality, 

and advice I have enjoyed during my work in the laboratory of Physi- 

ological Chemistry at the College of Physicians and Surgeons, and to 

Dr. S. J. Meltzer, for invaluable assistance in and for rigorous and in- 

structive criticism of all tletails of the work carried on at the Rocke- 

feller Institute. I am also indebted to Prof. Stanley L. Coulter, Prof. 

Torald Sollmann, and Dr. A. N. Richards for suggestions and criticism 

during the course of my work. 



THE EFFECT OF ALCOHOL ON THE SECRETION 

OF BEE? 

By WILLIAM SALANT.? 

[Arom the Department of Physiological Chemistry of Columbia University, at the 

College of Physicians and Surgeons, New York.] 

INTRODUCTION. 

T is somewhat singular that studies of the action of alcohol on the 

digestive glands have been confined chiefly to inquiries into its 

influence on gastric secretion. Clinicians and physiologists have 

made the action of alcohol on the production of gastric juice the 

subject of a considerable number of rather extensive investigations, 

with almost concordant results. Practically all who have conducted 

researches on the effect of alcohol on gastric secretion agree that its 

administration, at least in moderate quantities, is followed by in- 

creased formation of gastric juice, both in the human subject and in 

fistulous dogs. 

A number of investigations have been carried out on the action of 

alcohol on other digestive glands, but, in striking contrast to those 

on the stomach, they have neither been as numerous nor as exten- 

sive. Thus the action of alcohol on salivary secretion has received 

some attention. Excepting the work of Chittenden, Mendel, and 

Jackson,® and more recently that of Zitowitch,! however, no syste- 

1 The results of some of the experiments here described in detail have already 

been communicated in preliminary reports. Proceedings of the Society for Exper- 

imental Biology and Medicine, 1904, i, p. 43; Science, xx, p- 793 American med- 

icine, vii, p- 950; Medical news, Ixxxv, p. 239; Proceedings, 1906, iii, p- 343 

Science, xxiii, p. 110; American medicine; p. 107; Science, 1906, xxiii, p. 3353 

Proceedings of the Section of Biological Chemistry of the American Chemical 

Society in affiliation with Section C of the American Association for the Advance- 

ment of Science, 1905; Proceedings of the Association, 1906, p. 330- 

I am indebted to Professor J. G. Curtis for permission to carry out Experi- 

ments 10 and 11 in the laboratory of the Department of Physiology. 

2 Research Fellow of the Rockefeller Institute for Medical Research. 

3 CHITTENDEN, MENDEL, and JACKSON: This journal, 1898, i, p- 162. 

4 ZrrowircH: Mitteilungen der militar medizinischen Akademie, September, 

1G05- 
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matic study of this particular phase of the subject has been made. 

The effect of alcohol on the secretory activity of the pancreas was 
merely touched upon by Claude Bernard,! and not until recently has 

it been accorded a fuller measure of attention. 

Even more scanty is our information concerning the action of 
alcohol on the secretion of bile. The first attempt to study the sub- 

ject was made by Rutherford,? who concluded, from the results of 
experiments on two dogs with temporary biliary fistulas, that alcohol 

is without any effect on the secretion of bile. Later, Dombrowski® 

and Barbera‘ made a few casual observations in this connection and 
came to the same conclusion. More recently Rutherford ° stated that 

after the administration of alcohol in the form of whiskey to a pa- 
tient with a biliary fistula, he also had failed to notice any increase in 

the flow of bile. The lack of a systematic study of the action of alco- 
hol on the secretion of bile has made more extensive and thorough 

investigation of this subject particularly desirable. The present 

research was undertaken to meet this need. 

MeETHOopDs. 

My experiments were conducted on healthy, well-nourished dogs. 

At the beginning of the work the bile was obtained by means of 
temporary biliary fistulas. Later, a permanent complete gall bladder 

fistula was also made use of for the same purpose. In all the 

experiments in which temporary biliary fistulas were employed, the 

following procedure was adopted. Ether narcosis was induced with- 

out the previous use of morphin. To prevent the flow of bile from 

the gall bladder the cystic duct was securely ligated. A cannula 

attached in the usual way was then introduced into the common bile 

duct. 
The bile was collected in graduated cylinders which were changed 

every fifteen minutes or, in some experiments, every ten minutes, 

thus affording a satisfactory means of studying the rate of secretion. 

1 BERNARD, CLAUDE: Lecons sur les effets des substances toxiques, Paris 

1857, Pp. 433. 
2 RUTHERFORD: An experimental research on the physiological action of drugs 

on the secretion of bile, Edinburgh, 1880. Also Journal of anatomy and physiol- 

ogy, 1875, X, p- 215. 
8 DombrOwWSKI: quoted by LOweNTON, Dissertation, Dorpat, 1891, p. 15. 

4 BARBERA: Bulletino scienze mediche di Bologne, Serie VII, 1894, v, p. 516. 

5 RUTHERFORD: British medical journal, 1898, ii, p. 775 
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In two experiments the rate of secretion was studied with the aid of 

the drop recorder. In these experiments, after four or five samples 

of bile had been obtained, alcohol was injected into the circulation 

from a burette connected with a cannula in the femoral vein. In an- 

other series of experiments alcohol was introduced into the stomach 

or into the intestines. The operation was performed usually about 

twenty hours after the dog had been fed. In a certain number of 

experiments, however, three to seven hours only were allowed to 

elapse between the feeding and the operation. Again, in rare in- 

stances, the period of fasting was extended thirty to forty hours. 

The results of injecting alcohol directly into the circulation are 

presented in the following summaries : 

EXPERIMENTAL RESULTS. 

Series A. — Zhe secretion of bile after the intravenous injection of alcohol. 

Experiment 2.— Female dog ; weight, 5-7 kilos. Fed twenty hours before 

the operation. Ether narcosis. Bile collected in fifteen minute periods 

as follows : 

Period I. 0.20 c.c. Period III. 0.25 c.c. 

Se ite On2 Oni Ti IW | Oyen 

Total (I-IV), 0.85 c.c.; average, 0.21 C.C. 

20 c.c. of 4o per cent alcohol injected into the femoral vein. 

Period V. 0.10 €.c. * Period VII. 0.20 c.c. 

Go Wl, elpie(oy cc Wile wonton se 

Total (V-VIII), 0.5 c.c.; average, 0.12 C.c. 

Experiment 3. — Male dog ; weight, 10.5 kilos. Fed about four hours before 

operation. Ether narcosis. Neck of gall bladder ligated, then a cannula 

introduced into the common bile duct. Bile collected in fifteen minute 

periods as follows : 

Period J. 1.8 Period III. 1.5 

Ch le tie Ty Mig ieee 

‘Total (I-IV), 6.2 c.c.; average, 1.55 C.-C. 

13 c.c. of 30 per cent alcohol injected into the femoral vein. Respira- 

tion ceased. No bile flow. Respiration was soon restored. 7 c.c. of 

30 per cent alcohol were then injected and biliary secretion was resumed. 

Period V. 1.1 C.c. Period VI. 1.1 c.c. 

ro ¢.c. of 30 per cent alcohol injected slowly into the femoral vein. 

Period VII. 0.9 c.c. 
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10 ¢.c. of 30 per cent alcohol injected into the femoral vein. 

Period VIII. 0.9 c.c. 

‘Total (V-VIII), 4.0 c.c.; average, 1.0 c.c. 

Experiment 4.— Male dog; weight, 7.5 kilos. Fed at 10.30 a.m. Ether 

narcosis. Neck of gall bladder ligated, then cannula introduced into 

common bile duct. Bile was collected in fifteen minute periods as follows : 

Period I. 1.9 c.c. Period IV. 0.75 c.c. 
Rms: IN Eas Poy ee é ‘ Mie gos. f 

<2 elles oso 

Total (I-V), 5.03 c.c.; average, 1.06 c.c. 

10 ¢.c. of 30 per cent alcohol injected into femoral vein. Respiration 

ceased ; soon recovered. 

Period VI. 0.75 c.c. 

20 c.c. of 30 per cent alcohol injected into femoral vein. Heart 

stopped, soon recovered. 

Period VII. 0.15 c.c. 

Total (VI-VII), 0.90 c.c. ; average, 0.45 €.c. 

Experiment 5. — Male dog ; weight, 11.8 kilos. Fed at 10.30 a.m. Ether 

narcosis. Neck of gall bladder ligated, then cannula introduced into 

common bile duct. Bile was collected in fifteen minute periods, as 

follows : 

Period len ax. 75 uGic: Period IV. 0.2 c.c. 

See) Liles Foss ee 3 Viegmiowz= 

fe dike) 0.4) ak 

Total (I-V), 3.25 c.c.; average, 0.65 c.c. 

50 c.c. of 30 per cent alcohol injected into the femoral vein. 

Period VI. 0.15 c.c. Period VII. 1 drop 

Total (VI-VII), 0.15 c.c. ; average, 0.075 c.c. 

Experiment 9. — Male dog; weight, 8.5 kilos. Fasted twenty hours. Bile 

was collected in fifteen minute periods. 

Period I. 0.8 c.c. Period IV. 0.7 c.c. 

chie AH Takehy fA vk Mien - 

ENON Ep Mor fame 

Total (I-V), 3.65 c.c.; average, 0.73 c.c. 

8 c.c. of 30 per cent alcohol injected gradually for eight minutes. 

Period VI. 0.65 c.c. 

8 c.c. of 30 per cent alcohol injected gradually for five minutes. 

Period VII. 0.60 c.c. 
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8 c.c. of 30 per cent alcohol injected gradually for five minutes. 

Period VIII. 0.4 c.c. Period IX. 0.4 ¢.c. Period X. 0.5 €.c. 

Total (V-IX), 2.55 c.c.; average, 0.51 C.C. 

Experiment 10. — Male dog; weight, 8.75 kilos. Fed seven hours before 

operation. Ether narcosis. Cystic duct ligated. Cannula introduced 

into the common bile duct. Rate of secretion studied by means of the 

drop recorder. 

Period I. 16 drops in 7 min. 20 sec., or an average of 1 drop in 27 sec. 

LOS ye) Gi higy) AO el s TO) See eo 

Ill. 30 Tene GF iy MS £ ee eye 

88 c.c. 30 per cent alcohol injected into the femoral vein. 

Period IV. 28 drops in 15 min., or an average of r drop in 32 sec. 

Fifteen minutes later 8 c.c. of 30 per cent alcohol injected into the 

femoral vein. 

Period V. 16 drops in 9 min., 13 sec., or an average of 1 drop in 34 sec. 

16 c.c. of 30 per cent alcohol injected into femoral vein. 

Period VI. 16 drops in ro min., or an average of 1 drop in 4o sec. 

An analysis of the foregoing data shows that the secretion of bile 

was somewhat diminished after the intravenous injection of alcohol. 

This was especially evident in Experiment 2. In this experiment 

the flow of bile in each of the prealcoholic or control periods, except 

No. 3, was 0.2 c.c. When 20 c.c. of 40 per cent alcohol were in- 

jected, it fell in the succeeding periods to about 0.1 c.c. each. In 

Experiment 3 the amounts of bile obtained in the two periods im- 

mediately preceding alcohol treatment were 1.4 and 1.5 cc. After 

injecting alcohol the secretion decreased within the following half- 

hour to 1.1 c.c. for a period of fifteen minutes. When an additional 

dose of alcohol was given, the quantity of bile obtained in the same 

length of time was only 0.9 c.c. 

If the amounts of bile in Experiment 4 before and after injec- 

tion of alcohol are compared, a continuous tendency in the direction 

of decreased flow may be noticed. This will be better appreciated if 

the results are considered in detail. During the first fifteen minutes 

1.9 c.c. of bile were obtained, while in the next two periods only 

1.0 c.c, and 0.8 c.c. respectively were collected. 

The secretion of bile continued to decrease slightly in the succeeding 

fifteen minutes, but in the next period there was an appreciable im- 

provement. Alcohol was thereupon injected, after which the secretion 
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of bile again diminished. The administration of an additional dose 

was followed by a still further reduction in the volume of secretion. 

The amount of bile obtained at the end of the next fifteen minutes 

was only 0.15 c.c., which was one-fifth that of the period immediately 

preceding. 

The disproportionately rapid flow of bile in the early part of this 

experiment needs explanation, more especially since a similar effect 

was observed in the fifth experiment and in several others. In some 

of the animals in this investigation the ligation of the cystic duct, and 

the consequent exposure of the under surface of the liver which it 

involved, often made considerable handling at least of some parts of 

the liver unavoidable. It is quite possible that during these manipu- 

lations a certain amount of bile was temporarily held back in the 
biliary passages, and then was released later when the cannula was 

introduced into the common bile duct. The flow of bile which ensued 

during the first period of each experiment may be no index, there- 

fore, of the rate of actual secretion during that time, since the quan- 
tity collected maf represent not only the bile formed during that 

period, but also that which might have been accumulated previously 

in the biliary passages for the reason stated. Consequently, the first 

and sometimes also the second period samples were not regarded as 

controls whenever the amounts were comparatively greater than those 

in the rest of the four periods. Alcohol was not injected until the 

rate of secretion was approximately uniform for thirty or forty-five 

minutes, or until after it was evident that the variation was not con- 

siderable. Thus, in Experiment 5, alcohol was injected only after a 
uniform rate of secretion had been maintained for half an hour; other- 

wise no inferences could be drawn regarding the action of alcohol, for 

the rate of secretion shows diminution all through the experiment. In 

this experiment 1.75 c.c. of bile were obtained at the end of the first 

period, 0.7 c.c. in the next, 0.4 c.c. in the third. Secretion then be- 

came uniform, 0.2 c.c. having been obtained during each of the follow- 

ing two periods. Alcohol was therefore injected. The volume of 
secretion suffered but little change in the next fifteen minutes, but 

the flow soon ceased altogether. 

In Experiment 9 the secretion of bile was practically uniform 

from the very beginning of the experiment. A small quantity of 

alcohol was injected, but very little change in the rate of secretion 

was noticed. Two additional doses were given at fifteen minute 

intervals. The flow of bile was appreciably retarded after the third 
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dose. Finally, in Experiment 10, as shown by the number of drops 

secreted in a given time, the injection of alcohol was likewise fol- 

lowed by a slight decrease in the rate of secretion. 

The results of this series of experiments would therefore seem to 

indicate that alcohol when injected into the circulation depresses the 

secretory activity of the liver. The steady diminution in the flow of 

bile that was observed in some experiments before the administration 

of alcohol, however, made very desirable a comparative examination 

of the volumes of bile secreted in untreated dogs. In the following 

experiments the secretion of bile was studied for two hours or more, 

so that the amounts of bile collected during the second hour of the 

experiment could be compared with those obtained at about the 

same time after the injection of alcohol in the experiments already 

detailed. 

Control experiments (Series A). Experiment 12. — Male dog; weight, 6 

kilos. Fed three hours before operation. Ether narcosis. Neck of gall 

bladder ligated ; cannula introduced into bile duct. Bile was collected in 

fifteen minute periods. 

Period I. 2-7 c.c. Period VI. 0.8 c.c. 

Tle Piya CSS AMIE: Stiey 

Vs: Grose CG WING tena 
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Experiment 14.— Male dog ; weight, 6.15 kilos. Fed five hours before opera- 

tion. Ether narcosis. Neck of gall bladder ligated and cannula intro- 

duced into common bile duct. Bile was collected in fifteen minute 

periods. 

Period I. 1.2 c.c. Period V. 0.5 ¢.c. 

OSS O27 Gee fos SVILE 10:5) 

SIN IS ris OV AUIS top 

CE TINYS tory fee COVE Losses 

After sample VII was collected respiration ceased, but was immediately 

restored. Experiment 15, page 415, is also included in this series. 

Leaving out of consideration the flow of bile in the first and second 

periods of Experiments 12, 14, and 15, since, as was pointed out on 

page 413, it may represent the amount secreted during these periods 

as well as the bile previously accumulated, it will be noticed that the 

rate of secretion beginning with the second hour of the experiment or 
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soon after was less (12), continued practically uniform (14), or even 

exceeded that of the control periods (15). Consequently, it seemed 

probable that the uniformly diminished secretion of bile in the exper- 

iments of Series A after alcohol had been injected was due to the 

action of alcohol. Before drawing any positive conclusions in this 

connection, however, it is desirable to consider the data. of experi- 

ments in which the hepatic cells were stimulated to greater activity 

before determining the effect of injected alcohol. A summary of 

such experiments is appended. 

Series B. — Effects of alcohol after administration of a cholagogue (ox bile). 

Experiment 15.— Male dog ; weight, 8 kilos. Fed three hours before opera- 

tion. Ether narcosis. Neck of gall bladder ligated. Cannula introduced 

into the common bile duct. Bile was collected in periods of fifteen 

minutes each. 
Period I. 2.2 Period V. 1.6 

Loe Til fee Sul << View 0:6 

STE tet Vil 5 
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Total (I-VII), 10.35 c.c.; average, 1.48 C.c. 

Bile (VII) very dark. 1oc.c. of a 15 per cent aqueous solution of dried 

ox bile injected into femoral vein and bile collected in ten minute periods : 

Period VIII. 1.0 Period X. 1 

< TEX) $2.0 

Total (VIII-X), 4.5 c.c. ; average, 1.5 C.c. 

°o 

15 c.c. of 60 per cent alcohol injected into the femoral vein. Bile col- 

lected in ten minute periods. 

Period XI. 1.9 Period XIII. 1.3 

US ENG MS Sets) 

Total (XI-XIII), 4.8 c.c. ; average, 1.6 c.c. 

The rise in the secretion of bile in this experiment after injection 

of alcohol might have been due to some ox bile retained in the proxi- 

mal part of the femoral vein containing the cannula. In the fol- 
lowing experiments with ox bile an effort was made to obviate this 

possibility by injecting the alcohol in two doses, the second fifteen 

minutes after the first. 

Experiment 7. — Male dog; weight, 18 kilos. Fed about eighteen hours be- 

fore operation. Ether narcosis. Cannula in common bile duct. Bile 

was collected in periods of fifteen minutes each. 
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Period I. 0.8 Period III. 0.2 

COPA aiese Je IV. 0.4 

Total (I-IV), 2.5 c.c.; average, 0.62 c.c. 

Dilute ox bile injected into femoral vein. 

Period V. 2.0 Period VI. 1.5 

Total (V-VI), 3.5 ¢.c.; average, 1.75 C.C. 

32 ¢.c. of 30 per cent alcohol injected into femoral vein. 

Period VII. 2.0 

20 c.c. of 30 per cent alcohol injected into femoral vein. 

Period VIII. 1.3 

Experiment 8. — Male dog ; weight, 43 kilos. Fed about twenty hours before 

operation. Ether narcosis. Neck of gall bladder ligated. Cannula in 

common bile duct. Bile collected in periods of fifteen minutes each. 

Secretion of bile scanty. Ox bile injected into the femoral vein. 

Period I. 1.7 Period II. 1.2 

More ox bile injected, as before. 

Period III. 1.6 

10 ¢.c, of 30 per cent alcohol injected into the femoral vein. 

Period IV. 1.3 

10 c.c. of 30 per cent alcohol injected into the femoral vein. 

Period V. 0.55 Period VII. 0.3 

“VI. 03 

Experiment 11. — Male dog ; weight, 18 kilos. Fed twenty-four hours before 

operation. Ether narcosis. Cannula in common bile duct. Secretion 

of bile estimated by means of the drop recorder. No secretion of bile 

obtained for some time. 15 ¢.c. of aqueous solution of dried ox bile (16 

per cent) were then injected into the femoral vein. ‘The rate of secretion 

in fifteen minutes was one drop in thirteen seconds. 40 c.c. of 30 per 

cent alcohol were then injected into the femoral vein. The rate of secre- 

tion of bile in the following fifteen minutes was one drop in fourteen and 

one-half seconds. 14 c.c. alcohol were injected as before. The flow of 

bile was oné drop in seventeen seconds. 

In Experiment 7 the injection of the first dose of alcohol was 

followed by an increased secretion of bile, but after the second dose 

of alcohol there was a marked decline. In Experiment 8 there 

was a moderate diminution of the flow of bile after the first dose of 

alcohol had been administered, but it was followed by a decided de- 
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cline when the dose was repeated. In Experiment 11 the diminu- 

tion of the secretion of bile was slight after the first dose of alcohol, 

and somewhat greater after the second, 
The secretion of bile after the injection of alcohol (when preceded 

by injection of ox bile) did not show a marked decrease, except in 

Experiment 8. This fact indicates that if alcohol intravenously in- 

jected exerts a depressing action on bile formation, it must indeed 
be very slight for the dose given, since otherwise the cholagogue 

effect of ox bile would have been of much shorter duration in these 
experiments than that exhibited. Moreover the increased secretion 

of bile in Experiments 15 and 7, after the first dose of alcohol, indi- 

cates, in the light of the observations just referred to, that the de- 

pressing action of alcohol on bile formation must be insignificant 

when it is injected into the circulation in the amounts stated, for 

otherwise the delayed admixture with the blood of such small amounts 

of bile as were contained in the cannula or the proximal part of the 

vein in those experiments would have been without any effect on the 

secretion of bile. ; 
Series C.— Does the intravenous injection of alcohol influence the 

excretion of the solid constituents of the bile? To answer this ques- 

tion the following experiments were carried out. As before, the bile 

was obtained under ether narcosis by means of a cannula which 
was introduced into the common bile duct, the usual precaution of 

tying the cystic duct having been taken previously in order to pre- 

vent the flow of bile from the gall bladder. The analysis was made 

on samples collected during periods of fifteen minutes each. The 

bile secreted was received into graduated cylinders and then emptied 

into weighed crucibles. The cylinders were rinsed carefully with dis- 

tilled water and the washings added to the contents of the crucibles. 

The liquids were then evaporated on the water bath and dried to con- 

stant weight in an air bath at about 100° C. The total solids thus ob- 

tained were weighed and carefully incinerated. The quantity of ash 

having been ascertained, the total organic matter was determined by 

difference. The analytic results are presented in the following 

summaries : 

_ Experiment 35. — Dog ; weight, 13.6 kilos. Fed about four hours before oper- 

ation. Ether anesthesia. Cystic duct ligated. « Cannula introduced into 

common bile duct. Bile was collected in fifteen minute periods. 
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Period - Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Perperiod. Perc.c. Per period. Perc.c. Per period. Per c.c 

ce mgs. mgs. mgs. mgs. mgs. mgs. 

I 3-5 265.3 75:8 227.3 65.0 38.0 10.8 

II 2.0 146.2 73-1 122.2 61.1 24.0 12.0 

Ill 1.7 112.5 66.1 94:3 55-4 18.2 10.7 

IV re) 82.4 63.3 68.7 52.8 13-7 10.5 

65 c.c. of 30 per cent alcohol injected into femoral vein. 

vo 54 79-9 57-0 64.4 46.0 15.5 11.0 

VI 1.2 74.6 62.1 61.5 51-0 03a0 10.9 

Vil Te 69-1 57-6 58.7 49.8 10.4 8.6 

VIII 1.3 aay 56.7 58.3 44.8 15.4 11.8 

Experiment 34. —Male dog; weight, 18.8 kilos. Ether narcosis. Cystic 

duct ligated. Cannula introduced into common bile duct. Bile was col- 

lected in fifteen minute periods. 

Period Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Perperiod. Perc.c. Per period. Perc.c. Per period. Per c.c. 

Gc mgs. mgs. mgs. mgs. mgs. mgs. 

I 4.3 310.0 72.0 268.7 62.4 41-3 9.6 

II Paci 145-5 69-3 125.4 59-7 20.1 9.6 

Ill 1.7 124.9 73-47 104.8 61.6 20.1 11.8 

IV 7) 129.2 76.0 110.0 64.7 19.2 [1.3 

Vv 1.6 131.4 82.1 113.0 70.6 18.4 Hie 

"80 c.c. of 30 per cent alcohol injected into femoral vein. 

VI isi 17-9 70.8 66.9 60.8 II. 10.0 

Vil 0.5 44.6 89-2 37-9 75.8 6.7 13.4 

VIL 1.0 96.1 96.1 81.8 $1.8 14.3 14.3 

IX 0.5 48.6 97-2 

40 c.c. of 30 per cent alcohol injected into duodenum. 

x 0.9 87.6 97:3 75:8 84.2 11.8 night 

XI 0.8 79:5 99-35 69-5 86.8 10.0 12.5 

Experiment 36. — Female dog ; weight, 18 kilos. Fed about six hours before 

operation. Ether narcosis. Cystic duct ligated. Cannula introduced 

into common bile duct. Bile was collected in fifteen minute periods. 

Period Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Per period. Perc.c. Per period. Perc.c. Per period. Per cc. 

C.c. mgs. mgs. mgs. mgs. mgs. mgs. 

I 1.8 116.4 64.6 102.8 By 13.6 75 

II ring 88.4 68.0 75:4 58.0 13.0 10.0 

Itt 1.2 76.9 64.0 64.7 53-9 12.2 10.0 

BV 0.9 60.1 66.7 51.1 56.7 9-0 10.0 
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go c.c. of 30 per cent alcohol injected into femoral vein. 

Vv 0.5 34-1 68.2 28.5 57:0 5-6 LL-2 

VI 0.9 54-9 61.0 47-0 52-2 7.9 8.7 

Vil 0.9 5On7 ae Oss 51.8 5725 7.9 8. 

Vill 0.5 34-2 68.4 29.6 592 4.6 9-2 

40 c.c. of 30 per cent alcohol injected into small intestine. 

IX 1.2 78.8 65.6 68.9 57:4 99 8.2 

x 0.8 44.3 55-3 Bem 46.5 al 8.8 

The results of these experiments agree in showing a decrease in 

the absolute amounts of solid matter eliminated in the bile after the 

injection of alcohol. But as this might be regarded as a normal vari- 

ation and therefore not due to alcohol, the data of the following ex- 

periments are presented in order to show the output of biliary solids 

in untreated dogs. 

Experiment 26.— Male dog; weight, 9 kilos. Fed about six hours before 

operation. Ether narcosis. Cystic duct ligated. Cannula introduced 

into common bile duct. Bile was collected in fifteen minute periods. 

Period _ Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Perperiod. Perc.c. Per period. Perc.c. Per period. Per c.c. 

Ge: mgs. mgs. mgs. mgs. mgs. mgs. 

I 2.6 251.8 96.8 224.3 86.2 27-5 10.4 

II 1.4 119.6 85-4 103.5 73-9 16.1 I1.5 

Ill 0.8 66.9 83.6 57-6 72.0 93 11.6 

IV 0.5 49-3 98.6 42.3 84.6 7-0 14-0 

Vv 0.5 44.9 89.8 38.8 77:6 6.1 12:2 

VI 0.4 42.3 105-7 35-9 89-7 6.4 16.0 

Experiment 28.— Female dog ; weight, 9-35 kilos. Fed about six hours be- 

fore operation. Ether narcosis. Cystic duct ligated. Cannula intro- 

duced into common bile duct. Bile was collected in fifteen minute 

periods. 

Period Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Per period. Perc.c. Per period. Per cc. Per period. Per c.c. 

cc. mgs. mgs. mgs. mgs. mss. mgs. 

I 2.3 146.8 63.8 127.1 55-2 18.9 8.2 

Il 1.5 83.2 55:4 69-7 46.4 13-5 9.0 

Ill 1.0 2.8 52.8 45-2 45-2 7.6 7.6 

lV 0.9 45-2 50.3 38-3 42.6 6.9 7-6 

Vv 0.7 33-2 47-4 28.4 40.5 48 6.8 

VI 0.6 28.0 46.6 23.2 38.6 4.8 8.0 

VII 0.3 15-0 50.0 12.4 41.3 2.6 8.7 
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Experiment 29. — Male dog; weight, about 60 kilos. Ether narcosis. Cystic 

duct ligated ; cannula introduced into common bile duct. Bile was col- 

lected in fifteen minute periods. 

Period Bile Total solids. Organic matter. Inorganic matter. 

No. secreted. Per period. Perc.c. Per period. Percc. Per period. Per cc. 

O:C mgs. mgs. mgs. mgs. mgs. mgs. 

I 3-0 338.7 112.9 297-7 99.2 40.8 13.6 

II 2.3 271.2 117-5 240.7 104.6 30.5 13-2 

Ill 1.6 195-9 122. 174-4 109.0 21.5 13-4 

Ve ere Dupals 125.0 187.9 T10.5 24.5 14.4 

Vv Dee 147-7 TAGS) 130.6 108.8 17.1 14.2 

VI 1.0 Dies s5 113-5 99-9 99-9 13.6 13.6 

VII 1.2 136.5 TS oi7 120.5 100.0 16.0 aes 

VIII 0.7 74.0 105-5 64.7 92-4 9.3 13-3 

As is shown by the protocols on pages 418-419, the total elimina- 

tion of the various solid constituents of the bile diminishes progres- 

sively in the course of each experiment. The volume of secretion in 

Experiments 26, 28, and 29 likewise shows a tendency to decline. 

The moderate decrease in the rate of secretion observed in the 

experiments with alcohol was apparently, therefore, a normal vari- 

ation. It is likewise evident that the output of the solid elements 

of the bile was not appreciably influenced when alcohol was intro- 

duced intravenously. 

Series D.— The secretion of bile after the introduction of alcohol into 

the gastro-intestinal canal. 

‘On finding that the intravenous injection of alcohol affected neither 

the volume of, nor the content of solids in, the bile, attention was next 

directed to an inquiry whether the secretion of bile is influenced by 

introducing alcohol into the stomach or into the intestines. In one 

of my preliminary experiments in this connection (26, Tables I and 

II) the amounts of bile collected in each of three fifteen minute pe- 

riods immediately preceding the injection of alcohol were 0.4 c.c. to 

0.5 c.c. After 18 c.c. of 30 per cent alcohol had been introduced into 

the stomach the secretion of bile rose to 0.9 c.c. in the next fifteen 

minutes. When a second dose of alcohol was similarly administered, 

the results were even more marked. The effects of alcohol, when 

thus introduced, were still more striking in Experiment 29 (Tables I 

and II). The quantity of bile secreted in the fifteen minute period 

before alcohol was administered, was 0.7 c.c.; after the administra- 

tion of alcohol it increased in fifteen minutes about 2} times, while in 
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TABLE IT, 

The Effects on the Secretion of Bile of Alcohol injected into the Gastro-Intestinal 

Canal (Bile collected in Fifteen Minute Periods). 

Period before Period after Percentage 
Exp. No. injection of injection of of 

alcohol. alcohol, increase. 

per cent .c. . 

0.5 : 140 

0.45 

1 In Experiment 31 bile was collected in one hour periods. 

TABLE Il. 

The Composition of Bile before and after the Injection of Alcohol into the 

Gastro-intestinal Canal. (Bile coilected in Fifteen Minute Periods.) 

Period before injection Period after injection = 
3 , ’ Per cent of increase. 

of alcohol. of alcohol. 

matter. 

5 | Organic 
S oO +é pas 

| 19 
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the wert five minutes 1 c.c. of bile was obtained. Further observations 

have, with few exceptions, confirmed the results of the preliminary 

tests. 

As is shown in Table I, the rise in the secretion of bile after alco- 

hol was introduced into the stomach or intestines was well marked 

in every experiment except in No. 35, in some instances amounting 

to 300 per cent or even more. In this connection it is of importance 

to note that alcohol was injected a considerable time after the opera- 

tion was begun; fully two hours were allowed to elapse in some ex- 

periments before the effect of alcohol was tested. Since the rate of 

secretion of bile tends to diminish in the course of an experiment, as 

was learned in this investigation, the augmented flow, noted above, 

can only be attributed to alcohol. These results are therefore in 

harmony with the observations of the influence of alcohol on other 

digestive glands when that substance was introduced into various 

parts of the gastro-intestinal canal. 

It has long been maintained by clinicians and physiologists that 

the flow of gastric juice is augmented after the administration of 

alcohol. Thus Kiihne! states that alcohol is a gastric stimulant. 

Gluzinski,2 who studied its effect on the human subject, found that in 

moderate quantities it increased gastric secretion. The same results 

on man were obtained by Wolf? and Blumenau.t Brandl,? experi- 

menting with dogs provided with gastric fistulas, reported similar 

findings. Chittenden, Mendel, and Jackson® injected alcohol into 

the stomach and intestines of fistulous dogs, in varying doses and 

strengths, and obtained very large resultant quantities of gastric 

juice. The results of more recent investigations, in which the action 

of alcohol on gastric secretion (in supplementary stomachs of dogs, as 

described by Pawlow), have likewise shown that alcohol is a gastric 

stimulant. Thus Radzikowski7? observed that alcohol, whether given 

by mouth or per rectum, induces the production of gastric juice. 

His results were corroborated by Frouin and Molinier,® Pekelharing,” 

1 KiituneE: Lehrbuch der physiologischen Chemie, Leipzig, 1868, pp. 28, 30. 

Gt uzinsk1; Deutsches Archiv fiir klinische Medizin, 1886, xxxix, p. 405. 

% WocrF: Zeitschrift fiir klinische Medizin, 1889, xvi, p. 222. 

4 BLUMENAU : Therapeutische Monatshefte, 1890, v, p- 504. 

6 BRANDL: Zeitschrift fiir Biologie, 1892, xxix, p. 304. 

® CHITTENDEN, MENDEL, and JACKSON: Lac. cit. 

7 Rapzikowskt1: Archiv fiir die gesammte Physiologie, 1901, Ixxxiv, p. 513- 

® FRourn and Morrinrer: Comptes rendus de la société de biologie, 1901, liii, 

p- 513- 
® PEKELHARING: Wiener klinische Wochenschrift, 1902, xv, p. 826. 
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and, four years later, by Zitowitch,! all of whom used the same 

methods. 
Jackson? introduced alcohol into the intestines of dogs and like- 

wise obtained increased secretion of gastric juice. Similar findings 

have been reported for the human subject. Metzger® states that 
enemata containing red wine, given to patients, is followed by in- 

creased gastric secretion. Spiro,’ after giving per rectum I00 C.c. 

of alcohol dissolved in 200 c.c. of sodium chloride solution as well 
as various alcoholic drinks of the same strength, noticed the same 

effect. Meyer ® found that, after administering alcohol to patients, 

the acidity of gastric juice was increased. Kast,° who gave alcohol by 

mouth or injected it per rectum in the human subject, stated that its 

administration produced an increased flow of gastric juice. Carnot’ 

obtained the same results after giving his patients by mouth very 

small quantities of alcohol. He stated that fifteen minutes after 5 c.c. 

of 65 per cent alcohol had been given there was an increased secre- 

tion of gastric juice. 
That the secretion of pancreatic juice is affected by alcohol in 

a similar way was shown by Claude Bernard,® who observed that 
after giving dilute alcohol pancreatic secretion was accelerated. 

Kuwshinski,® and later, Fleig,!” have reported similar results. Like- 

wise Gizelt !! has recently shown that in dogs with permanent fistulas 
alcohol, when given by mouth or per rectum, is followed by increased 
secretory activity of the pancreas. He also made the interesting 
observation that when alcohol is administered, after cutting the vagi, 

the secretion of pancreatic juice is not affected. 
That the biliary function of the liver fails to react to alcohol when 

injected into the circulation in the amounts employed by me, but is 

stimulated if alcohol is introduced into some part of the gastro- 

1 Zitowircu: Loc. cit. 
2 JACKSON: Proceedings of the Society for Experimental Biology and Medi- 

cine, 1904, i, p. 20. 

8 METZGER: Miinchener medizinische Wochenschrift, 1900, xlvii, p. 1552. 

4 Spiro: Miinchener medizinische Wochenschrift, tgot, xlviii, p. 1872. 

5 Meyer: Klinisches Jahrbuch, 1905, xiii, p. 285. 

® Kast: Biochemisches Centralblatt, 1906, v, p. 483. 

7 Carnor: Comptes rendus de la société de biologie, 1906, Ix, p. $07. 

8 BERNARD, CLAUDE: Loc. cit. 

® KUWSHINSKI: Dissertation, St. Petersburg, 1888. 

FLEIG: Comptes rendus de la société de biologie, 1903, 1x, p. 1277- 

M1 GizELt: Archiv fur die gesammte Physiologie, 1906, cxi, p. 620. 

10 
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intestinal canal, was further shown in experiments of my own (34 

and 36). 

After injecting alcohol into the femoral vein in Experiment 36, the 

amount of bile collected in the next fifteen minutes was only 0.5 c.c 

as against 0.9 c.c. in the preceding fifteen minute period, while the 

introduction of alcohol into the small intestine one hour later, was 

followed by an increased secretion of bile amounting, in fifteen min- 

utes, to nearly two and one-half times that obtained in the period of 

equal length immediately preceding such introduction, Moreover, as 

is shown in the protocol, the secretion of bile during the first fifteen 

minute period after the injection of alcohol into the small intestine 

was more rapid than in any of the five preceding periods of equal 

lengths. 
In Experiment 34 the results obtained, although not so striking, 

are nevertheless quite marked. After the injection of alcohol into the 

intestine, the amount of bile obtained was 0.9 c.c in the succeeding 

fifteen minutes, while only 0.5 c.c. were collected in the period imme~ 

diately preceding the injection. In the same experiment, fifteen min- 

utes after the intravenous injection of alcohol, 0.5 c.c. less of bile 

were collected than immediately before such treatment. The increase 

in the volume of secretion was attended also by an increase of the solid 

elements. As shown in Table II, the percentage of total solids in 

Experiment 36 was 130 per cent greater after the introduction of alco- 

hol into some part of the gastro-intestinal canal. In Experiment 29 

the amount rose to 185 per cent. In the other two experiments 

indicated in this table (II), the increase of percentage was much 

less, but was still considerable. The inorganic constituents were 

likewise increased under these conditions, but to a much smaller 

extent. 

Series B. — The secretion of bile after administration of alcohol per 

os to a dog with a permanent complete gall bladder fistula. 

Barbera! was the first to study the action of alcohol on the secre- 

tion of bile in a dog by means of a permanent gall bladder fistula. 

He performed three experiments on the same animal; each experi- 

ment was carried out on a different day. He reported that after the 

administration of alcohol (300 c.c., — § per cent, given by the mouth) 

the secretion of bile remained unchanged. 

I carried out a number of similar observations on a dog by the 

same method. The operation was performed in the usual way except 

1 BARBERA: Loc. cit. 
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that the cannula suggested by Pawlow! was employed. On the 
fourth day after the operation treatment with alcohol was begun. 

The bile was collected by means of graduated cylinders attached to 
the external projection of the cannula. The following summaries 

give the essential data: 

Experiment A.—Jan. 23. Dog fed twenty hours before experiment. Bile was 

collected during a control period of fifteen minutes—2c.c. Alcohol, 

50 c.c. of 40 per cent by mouth through a stomach tube. 4 c.c. of bile 

were collected in the next fifteen minutes. 

Experiment B.—Jan. 24. 11 A.M. Dog fed meat, then given water at 11 A. M. 

12.50 P.M. tO 1.50 P.M. 4.3 C.c. of bile were collected. At 2.20 P.M. 

50 c.c. of 40 per cent alcohol were given by mouth through a stomach 

tube. Bile was collected as follows : 

Period I. 2.20 to 2.35 P.M. 4 C.c. Period Iie 2-35 to2-co P.M. T.c:c. 

Period III. 2.50 to 3.20P.M. 1.5 C.c. 

The total amount of bile secreted in one hour after the administration 

of alcohol was 6.5 c.c., which represents an increase of 44.5 per cent over 

the control period. The solids were increased in about the same 

proportion. 

Experiment C.— Jan. 25. Dog fasted thirty-four hours. Bile was collected 

as follows: 

8.20 to 8.30 P.M. 0.5 C.C. 8.30 to 8.40 P.M. 0.4 C.C. 

50 c.c. of go per cent alcohol were given by mouth through a stomach 

tube. 

8.45 to 8.55 P.M. 1.8 C.c. 8.55 to 9.05 P.M. 0.9 C.c. 

The rate of secretion in this experiment is increased by 200 per cent 

as compared with the two control periods. 

Experiment D.—Jan. 27. Bile was collected in periods of ten minutes each. 

Renod.1..) t.g1c.c. Period II. 2.0 c.c. Period III. 0.8 c.c. 

50 c.c. of 45 per cent alcohol given by mouth in the usual way and 

bile collected in ten minute periods. 

Period IV. 4 c.c, Period V. 2.6 c.c. Period VI. 1.2 c.c. 

In this experiment (D) the improvement in the secretion of bile 

after the administration of alcohol was fully 90 per cent in half an 

hour, while the amount secreted during the ten minute period imme- 

diately succeeding the administration of alcohol was five times as much 
as in the period immediately preceding. The increase in total solids 

1 PawLow: Ergebnisse der Physiologie, 1902, i, p. 273. 
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was quite marked also, but the concentration of the bile was somewhat 

lower, so that the increase of solids did not keep pace with the in- 

crease in volume. In the next experiment on this dog, which was 

carried out seven days later (February 2), the dog was very much 

emaciated and showed signs of general exhaustion. At times there 

was no secretion of bile; flow did not begin until fifteen to twenty 

minutes after the commencement of the observation. In the next 

ten minutes 1.5 c.c. of bile were collected and only 0.6 c.c. were ob- 

tained in the following period. Fifty c.c. of 45 per cent alcohol were 

then given by mouth in the usual manner. The amounts of bile 

collected in each of the two succeeding periods of ten minutes each 

were 3.3 and 1.5 C.c. respectively. 

SUMMARY AND CONCLUSIONS. 

A summary of the results of the experiments reported in this 

investigation may now be presented. 

When alcohol was injected into the circulation, a slight decrease 

in the secretion of bile was observed. Since a progressive diminu- 

tion of the flow of bile in the course of an experiment was often 

noticed before the administration of alcohol, experiments were Car- 

ried out on non-treated dogs to study the rate of secretion for about 

two hours in each case. It was found that secretion of bile in such 

animals may, after one or two fifteen minute periods, remain practi- 

cally stationary, may be retarded, or may, on the contrary, even in- 

crease after a preliminary diminution. The amount of bile during the 

first or sometimes also during the second quarter of an hour from the 

time the experiment was begun was usually ignored for purposes of 

comparison, as it probably represented some bile which accumulated 

during the operative procedure. 

A comparison of the rates of secretion in alcoholized and non- 

alcoholized dogs tended to show that alcohol interfered somewhat 

with the secretion of bile. Experiments were therefore performed 

to test whether alcohol when injected into the circulation would 

counteract the stimulating effect of ox bile on the hepatic cells of the 

dog. The results of this line of inquiry were negative. In another 

series of experiments on non-alcoholized dogs the rate of secretion 

of bile was studied for a period of one and one-half to two hours. A 

progressive retardation of the secretion of bile was noticed. Hence 

the conclusion is justified that the rate of the secretion of bile in 
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dogs is not materially changed when alcohol in the quantities used 

in these experiments is injected directly into the circulation. The 

presence of alcohol in the blood did not exert, therefore, any appre- 

ciable action on the biliary function of the hepatic cell in the dog. 
The similar behavior of the salivary gland toward alcohol under 

like conditions was pointed out by Chittenden, Mendel, and Jack- 

son! Their investigations have shown that alcohol has no direct 

effect on salivary secretion, its action being in all probability re- 

flex, for after the introduction of alcohol into thé stomach through a 

gastric fistula, the formation of saliva remained unaffected. The same 

was shown for the gastric glands by Jackson,? who noticed that the 
secretion of gastric juice, which took place after alcohol was intro- 

duced into the intestine, failed to occur when that substance was 

similarly introduced after section of the vagi and sympathetic or after 
injection of atropin. The recent work of Orbeli,? on the influence 

of alcohol on gastric secretion, likewise indicates that alcohol does not 

exert any action on the gastric glands. Thus, when alcohol was 

given per os to dogs after the subcutaneous injection of-atropin, 

there was no secretion of gastric juice. In this connection may also 

be recalled the work of Gizelt,t referred to above, who has shown that 

the injection of alcohol after section of the vagi fails to provoke 

pancreatic secretion. The evidence thus far accumulated points 

therefore to the conclusion that physiological doses of alcohol, in 
whatsoever ways introduced into the body, do not exert any direct 

secretory action on the digestive glands. Hence the observed stim- 

ulating effect of alcohol is in all probability nervous in its origin. 

Studies carried out to test the effect of alcohol, when injected 

intravenously, on the solids of the bile, were likewise negative. On 

the other hand, when alcohol was injected into the stomach or into 

the intestines, there was a marked increase in the flow of bile, and 

the solid elements were also increased absolutely and relatively, 

Of the biliary solids the organic constituents were increased some- 

what more than the inorganic. 

A series of observations was also made on a dog with a permanent 

gall bladder fistula. The effects of alcohol given per os were similar 

to those obtained after the administration of alcohol into the gastro- 

1 CHITTENDEN, MENDEL, and JACKSON: Loe. cif. 

2 Jackson: Loe. cit. 

8 ORBELI: Archives des sciences biologique, 1996, xii, p. 102. 
4 GIzELT: Loc. cit. 
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intestinal canal of dogs with temporary biliary fistulas under ether 

narcosis. 

The increased formation of bile after the introduction of alcohol 

into the stomach or into the intestines may be caused by secretin. 

The administration of alcohol per os is attended by the formation of 

gastric juice, which on reaching the duodenum causes the produc- 

tion of secretin. Secretin may excite not only the pancreas but the 

liver as well. The failure of Rutherford,! as well as Barbera,” to ob- 

serve an increased ‘flow of bile after administration of alcohol may 

be explained on this basis. It has been shown by Spiro® that alco- 

hol fails to induce gastric secretion in achylia gastrica or in cancer 

of the stomach. Rutherford made his observations on a patient 

with a biliary fistula in a case of cancer of the head of the pan- 

creas, and of the common bile duct. Barbera, on the other hand, 

performed his experiments on a dog four months and a half after the 

biliary fistula had been established. In both of these experiments 

the impaired nutrition and altered metabolism of the subject undoubt- 

edly induced a condition similar to those which obtained in the cases 

of Spiro, the administration of alcohol being therefore without any 

effect on the secretion of gastric juice, or on the formation of secre- 

tin, and consequently also without any influence on the formation 

of bile. 

I am indebted to Prof. William J. Gies for his interest in the 

subject, as well as for numerous courtesies shown to me in the course 

of the research. 
RUTHERFORD: Loc. cit. 

BARBERA: Lac. cit. 

1 
Z 

8 Sprro: Loc. cit. 



’ THE MOTOR ACTIVITIES OF THE STOMACH AND 

SMALL INTESTINE AFTER SPLANCHNIC AND 

VAGUS SECTION! 

By W. B. CANNON. 

1 J] [from the Laboratory of Physiology in the Harvard Medical School.| 

N a research published two years ago attention was‘ called to a 

difference in the rate of discharge of different food-stuffs from the 

stomach.2 Since the gastric peristaltic waves normally run without 

cessation so long as food is in the stomach, the control of the dis- 

charge into the intestine must lie at the pyloric sphincter. Until 

that sphincter relaxes food cannot pass onward. The question now 

arises, Is the long initial closure of the pylorus when proteids occupy 

the stomach, and the relatively brief initial closure and the frequent 

relaxation when carbohydrates are present, due to reflexes from the 

central nervous system, or is the difference determined by local 

mechanisms? The question can be answered by cutting the nervous 

connections between the stomach and the central nervous system and 

studying the discharge of food through the pylorus by the method 

employed in the earlier investigation. 

The stomach and small intestine are connected with the central 

nervous system by the vagi and the splanchnics.?' Section of these 

nerves in the normal animal and subsequent study of the animal 

without further operation, 7. ¢., by means of the R6ntgen rays, re- 

veal the effects of severance of the nervous paths, not only on the 

discharge of food from the stomach, but also on the rate and charac- 

ter of gastric peristalsis, the rate of passage of food through the 

small intestine, the presence of rhythmic segmentation, and other 

activities, 

1 A preliminary report of this investigation was made at the meeting of the 

American Physiological Society in December, 1904, and was printed in the Pro- 

ceedings, this journal, 1905, xiii, p. xxii. 
2 CanNoN: This journal, 1904, xii, p. 387. 
8 STARLING: Ergebnisse der Physiologie, 1992, i, Biophysik, pp. 459, 454, 459- 

429 
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THe METHOD. 

In the investigation here recorded one series of animals was studied 

with only splanchnic nerves cut, another series with only vagus nerves 

cut, and a third series with entire severance of vagi and splanchnics. 

The animals used were cats. 

In every instance the animal was etherized during the operation. 

The hair in the region of operation was clipped short, the skin washed 

with soap and warm water, dried with sterile cotton, and finally wet 

with ether. The usual aseptic precautions were observed in pre- 

paring instruments and the operator’s hands, After the operation 

the skin wound was covered with a collodion-cotton cocoon. 

In order to reach the splanchnic nerves some of the intestines were 

removed from the body cavity, and during the subsequent operation 

were wrapped in a cloth wet with warm sterile salt solution. Usually 

the right major and minor splanchnics, which are more difficult to 

reach than the left, were cut first. A strong thread was in most 

cases tied very tightly about the nerve, and the nerve was then cut 

distal to the ligature. The ligature was not removed from the 

proximal part. The nerve in other cases was picked up in forceps 

and a piece about a centimetre long was resected. 

Severance of both vagus nerves in the neck is followed in the cat 

by difficult inspiration due to improper functioning of the structures 

about the glottis. In order to remove the vagus supply to the stomach 

and intestines without destroying entirely the innervation of the 

larynx, the right vagus nerve was cut below the origin of the recur- 

rent laryngeal branch and, usually in a later operation, the left vagus 

was sectioned in the neck. About one centimetre of the nerve was 

removed in every case. 

When both sets of nerves were severed in the same animal, usually 

both splanchnics and the right vagus were cut first, and later the 

left vagus. 

The cutting of the greater and lesser splanchnics on both sides was 

followed by almost no appreciable change in the animals. They all 

lived more than a month, and were finally killed because of an inflam- 

mation of the nose and conjunctiva, which spread as an epidemic 

among operated and normal animals alike. After bilateral vagus 

section the cats lived without trouble, with the exception of a tempo- 

rary failure of cesophageal peristalsis, in two cases for over a month, 

in other cases for periods ranging from two to three weeks. They 
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never appeared so vigorous as the animals with only the splanchnics 

cut. They also suffered from inflammation of the nose and eyes, 

and were usually killed for that reason. After entire severance of 

splanchnics and vagi two of the animals were afflicted with the pre- 

vailing coryza, one was found dead twelve days after the second 

operation, and the remainder were killed by etherization two weeks 

after being operated upon. All of these animals were noticeably 

asthenic. 

Autopsy was made in every case, and the thoroughness of the sec- 

tion of each nerve was completely verified. 

The activities of the alimentary canal were studied in these animals 

at various times after the nerves were cut. As a representative 

carbohydrate food potato was fed, and lean beef was chosen as a 

representative proteid food. These foods were given in 25 C.c. 

amounts, with 5 gm. bismuth subnitrate added to render the mixture 

opaque to the X-rays. These proportions were used in the earlier 

investigation in which the standard rates of discharge from the 

stomach were determined. The temporary failure of the cesophagus 

to function normally after bilateral vagus section necessitated giving 

the food by stomach tube, in order that the standard amount should 

be present in the stomach at the beginning of the period of uobser- 

vation. To be forced through the stomach tube the food had to be 

slightly more fluid than it was under the standard conditions. 

RESULTS. 

The movements of the stomach. — After bilateral splanchnic section 

gastric peristaltic waves were always seen, So long as food was in the 

stomach, passing in the normal manner and with the normal rhythm. 

When both vagi were cut, the first effect was often total suppression 

of peristalsis. In two instances in which the second vagus was cut 

immediately after the animals had voluntarily eaten boiled lean beef, 

no gastric peristalsis was observed for four hours; and in another 

instance, in which this operation was done the day previous, no gastric 

peristalsis was seen during the first three hours after feeding. In 

other animals, fed the carbohydrate food, peristalsis was seen a half- 

hour after feeding; on one of these animals the second operation, on 

the left vagus, had been performed the*day before. Whether, under 

the circumstances of these observations, the different food-stuffs 

have different effects on the initiation of gastric peristalsis was not 
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further determined. In every instance of vagus section, however, the 

peristaltic waves, although recurring with the normal rhythm, were 

at first characterized by being extraordinarily shallow. Sometimes 

they were hardly visible, at other times they could be seen distinctly 

only on the antrum. But the period during which the movements of 

the stomach were late in commencing and were notably weak did not 

long continue; as days passed, these abnormalities largely disappeared 

and the waves started at the usual time and had much of their normal 

vigor. 

When all the extrinsic nerves were cut, the waves of constriction 

coursed over the stomach with the normal rhythm, but these waves, 

almost from: the first, contrasted with those observed when the vagi 

alone were severed, in being normally deep contractions. A remark- 

able feature revealed at the autopsy of these animals was the strong 

tonus of the gastric musculature. Through most of the length of 

the stomach, in two instances, the diameter of the organ ranged 

between 1.5 and 2 cm.,a smallness of size almost incredible when 

compared with the diameter of the stomach filled with food. 

The passage of carbohydrate and proteid food from the stomach. — 

The rate of discharge of food from the stomach was judged, as in 

the research already mentioned, from the aggregate length of the 

shadows of the food masses in the small intestine at regular inter- 

vals after feeding. 

1. After splanchnic section. —The following figures represent in 

centimetres the aggregate length of the food masses in the small 

Hours after 
feeding. 

f 
Aggregate length, 

in centimetres, 
of food masses + 
in small intes- 

intestine at regular times aftér mashed potato was fed, in four cases 

with severed splanchnic nerves. 

Comparison of the above figures with those secured in normal 
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cases! shows that although there is greater variation from the aver- 

age in the cases with splanchnics cut, there is still preserved in every 

instance the characteristic rapid carbohydrate discharge. In Fig. 1 

is represented graphically the average figures from the above table 

and the average figures which resulted after feeding potato in four 

normal cases. The amount of this food in the small intestine at the 

end of the first and second hours was less in the operated than in the 

normal animals, but the difference is so slight as to leave the curve 

from the operated animals unmistakably a carbohydrate curve. The 

rate of discharge of a typical carbohydrate food from the stomach is 

therefore not markedly changed from the normal by cutting the 

splanchnic nerves. 

How lean beef, as a representative proteid food, is treated by 

the stomach after the splanchnic nerves are severed is indicated by 

the following figures, representing, in four cases, the total length 

of the food masses in the small intestine at the regular times of 

observation. 

Hours after 
feeding. 

Aggregate length, | 
in centimetres, 
of food masses + 
in small intes- | | 
tine. 

290 

Averages. . a | ie 2 4 20.0 

Examination of the averages of .these figures and the averages 

obtained in four normal cases? in which lean beef was fed (see Fig. 1) 

reveals a striking coincidence in the amounts of food in the small 

intestine after the same intervals in the two conditions. From these 

results it is clear that the discharge of a typical proteid food from the 

stomach persists in a quite normal manner and is characteristically 

different from the carbohydrate discharge after total suppression of 

impulses through the splanchnics. 

2. After vagus section.—In studying the rate of discharge of 

1 See CANNON: Loc. cit., p. 397- 

2 Cannon: Loc. cit., p. 400. 
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mashed potato and lean beef from the stomach after vagus section 

a wide range of variation was at first observed, especially when the 

cm. proteid food was fed. No ex- 

30 4 

ena ae 
| WT | ee | 
SE 

Hours 4 1 2 3 4 5 

FiGuRE 1. — Curves showing average aggre- 

gate length of the food masses in the small 
intestine at regular intervals for seven hours 
after feeding mashed potato in four normal 
cases (heavy continuous line); and in four 

cases with splanchnics cut (heavy dash 
line); and after feeding lean beef in four 

normal cases (light continuous line) ; and 

in four cases with splanchnics cut (light 

planation of the differences was 

found until the time interval 

between the severing of the 

vagus the 

day of observation re- 

garded. Then it was evident 

that although the discharge of 

lean beef from the stomach was 

much retarded for the first day 

or two after the vagi were cut, 

there was later a considerable 

restoration of the usual activity. 

The figures on the following 

page represent the total length 

of the shadows of the food 

second nerve and 

Was 

dash line). 

at the regular times of observation 

masses in the small intestine 

in four cases in which potato 

was fed, and in two sets of four cases each in which lean beef was 

fed, after section of both vagus °™ 
40 The interval since 

the cutting of the second va- 

gus nerve is set down in each 

nerves. 

= 

instance. 20 

Examination of these fig- 

ures and comparison of the 7” 

averages with the averages se- 

cured in normal cases (see -Housd 1 2 8 4 Bb GG 

Fig. 2) show at once that, in 

the absence of impulses through 

the vagus and in the presence 

of impulses through the splanch- 

nic nerves, the discharge of 

both carbohydrate and proteid 

is notably retarded. As the two 

tables for lean beef prove, how- 

ever, the retardation after vagus 

section is much more marked soon 

Ficure 2.— Curves showing average aggre- 

gate length of food masses in the small in- 
testine at regular intervals for seven hours 
after feeding mashed potato in four normal 
cases (heavy continuous line); and in four 

cases with vagi cut (heavy dash line); and 

after feeding lean beef in four normal cases 
(light continuous line); in four cases with 
second vagus cut more than nine days be- 
fore (light dash line) ; and in four cases with 
second vagus cut within one day of the ob- 
servation (light dotted line). 

after the operation than it is later. 

In one case, not included in this table, which was observed the day 
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after the second operation, no gastric peristalsis was seen for the 

first five hours of observation. In none of the cases studied within 

MASHED POTATO. 

Interval 
| since 2d 

vagus 
cut. 

Hours after feeding 

6 days. 

Aggregate length, 
in centimetres, || 15 5 5. . 12 

of food masses - 
in small intes- 
tine. 

“ 

Averages . 

BEEF. 

Aggregate length, 
in centimetres, 

‘of food masses - | 
in small intes- 
tine. 

Averages . 

Aggregate length, 
in centimetres, 
of food masses « | 
in small intes- 
tine. 

Averages . 

one day after the second operation did any food pass the pylorus for 

three hours after feeding. Clearly, when the vagi are cut, the stomach 

suffers at first a considerable disturbance of its normal functioning. 

In a few days, however, this primary defect is largely recovered from. 

Even though discharge of both the carbohydrate and the proteid 
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from the stomach remains notably retarded after vagus section, there 

still persists the characteristic difference between the treatment of 

the two food-stuffs, — the carbohydrate passes out much more rapidly 

than the proteid food. 

3. After splanchnic and vagus section. —The rate of discharge of 

food from the stomach when an interval has been allowed to elapse 

after section of all the extrinsic nerves, may be judged from the 

figures in the following tables. These figures, like those in previous 

tables, give the total length of the food masses in the small intestine, 

at the times designated, after potato and lean beef had been fed. 

MASHED Porarto. 

Hours after 
feeding. 

Aggregate length, 
in centimetres, 
of food masses ¢ | 

in small intes- 
tine. 

Averages . 

f 
Aggregatelength, 

in centimetres, 
of food masses 4 
in small intes- 
tine 

Averages . 

Previously in this paper evidence has been presented that there is 

a considerable recovery of normal conditions after the disturbance 

caused by bilateral vagus section. In all the cases of the above 

tables there ‘was a severance of the splanchnics and also of both 

vagi. Thirteen days had elapsed since the second vagus operation 

on three of the animals fed mashed potato, and five or six days had 
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passed since the second vagus operation on the animals fed lean 

beef. That there had been at least a partial recovery of the natural 

state during the intervals is shown by the following figures, averages 

from three cases of potato feeding one day after the second vagus 

section: ! 

Hours after feeding . . 4 1 2 3 4 5 6 7 

Cm. of food masses . . 3 10 20.5 27 22 17 14.5 12 

The recovery is shown also by the figures of the following table, 

secured by feeding shredded lean beef one day after the second vagus 

section : 

Hours after 
feeding. 

Aggregatelength, 
in centimetres, 
of food masses + 
in small intes- 
tine. 

Averages 

Examination of these tables and the comparison with the normal 

conditions which is made in Fig. 3 show that the passage of the car- 

bohydrate food from the stomach occurs at about the same rate as 

when the vagi alone are cut, but that the proteid discharge is more 

nearly normal when all extrinsic nerves are divided than when the 

vagi alone are cut, whether the observations are made within a 

day of the final operation or after an interval of several days. Why, 

under the circumstances of these observations, proteids are more 

normally treated than carbohydrates is not known. The important 

fact, however, is that, with all the splanchnic and vagus impulses 

removed, a characteristic difference between the discharge of carbo- 

hydrate and the discharge of proteid food from the stomach is still 

maintained. 

The passage of food through the small intestine. — As stated in an 

earlier research, the method used then, and used now again in this 

investigation, does not permit a statement of the moment when. 

food first enters the colon; all that can be reported is the first 

1 In all cases the splanchnics were cut before the vagi. 
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observation when food mixed with bismuth subnitrate is seen in the 

colon. The following figures therefore show, under different cir- 

cumstances, the number of cases in which, at the hours stated, the 

carbohydrate and proteid food was first seen in the large intestine: ! 

MASHED Poraro. 

Hours after feeding . 

Normal 

Splanchnics cut 

Vagi cut . 

Splanchnics and vagi cut . 

LEAN BEEF. 

Hours after feeding 

Normal . 

Splanchnics cut . 

(recovery 1 day) . 
Vagi cut ? 

(recovery 9 days +) 

Splanchnics \ Recovenyaday) 
and vagi cut ) ( 

recovery 5-6 days) 

In the cases reported in the above tables the most important varia- 

tions from the normal are to be seen in the treatment of lean beef. 

After splanchnic section the rate of passage from pylorus to ileocolic 

sphincter was much accelerated. After vagus section, on the other 

hand, the passage was slower than normal, for in only two out of the 

four cases in which lean beef left the stomach at the usual time did 

it reach the colon before the end of seven hours after feeding. One 

of the two cases presented an exceptionally rapid passage through 

the small intestine. In two of the cases observed within a day of the 

second vagus operation the beef was being churned in the stomach 

1 A zero in the final column indicates that in some or all of the four cases 

nothing had appeared in the large intestine at the end of seven hours after 

feeding. 
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by ‘peristaltic waves, and was present also in considerable amount in 

the small intestine, twenty-eight hours after feeding. When the 

splanchnics as well as the vagi had been cut, there was still a delay in 

the appearance of material in 

the colon after lean beef was 

fed. In one instance, however, 

in which the passage through A A 
miciaeret otal tala the small intestine occurred in ,,/_ |] 

an unusually short time for lean BSS Shea 
AZ eee asshs 

beef (four hours), large masses 

of food were seen moving slowly 

and steadily through the coils, 

evidently being propelled by 

A 7 Prd 
Beal Ne eeeaee 

4 5 Hours 4 1 2 3 6 7 

Ficure 3.—Curves showing average aggre- 

peristalsis. This steady move- 

ment of food in the gut I have 

rarely seen except in some of 

these cases of entire section of 

gate length of food masses in the small in- 

testine at regular intervals for seven hours 

after feeding mashed potato in four normal 

cases (heavy continuous line); and in four 

cases with splanchnics and vagi cut (heavy 

dash line); and after feeding lean beef in 

four normal cases (light continuous line) ; 

in four cases with splanchnics and vagi cut, 

and five or six days since second vagus oper- 

ation (light dash line); and in four cases 

similarly operated, but with only one day 

since the second vagus operation (light 

dotted line). 

vagi and splanchnics and in ani- 

mals that had been given strong 

cathartics. 

The carbohydrate food passed 

through the small intestine un- 

der the various conditions of op- 

eration with less variation from 

the normal than did the proteid food. Potato reached the large 

intestine after not more than an hour’s delay beyond the normal 

in all cases save two. It is noteworthy that these were cases of 

vagus section. Indeed the abnormally high level of the carbo- 

hydrate curve after vagus section (see Fig. 2) is undoubtedly due 

largely to slow progress of the food through the small intestine 

under these circumstances. 

Rhythmic segmentation was observed in every condition of nerve 

section. Peristalsis was prominently exhibited in some of the ani- 

mals with splanchnics and vagi cut, but only when lean beef was fed 

did this marked peristalsis produce unusually rapid transit from the 

stomach to the colon. 

DIscuSSION OF RESULTS. 

The stomach, according to most observers, is influenced by im- 

pulses through the splanchnics in an inhibitory manner alone, but 
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Morat,! who worked mainly on dogs, noted instances of a motor 

effect, and May,? who used rabbits, cats, dogs, and monkeys, con- 

cluded that the splanchnic nerves have no direct influence whatever, 

either motor or inhibitory, on the muscular wall of the stomach. On 

the movements of the small intestine the very careful work of Bayliss 

and Starling ® has disclosed only an inhibitory action of the splanch- 

nic impulses. The quite normal mechanical treatment of the food 

by the cesophagus, stomach, and intestines, after splanchnic section, 

indicates that the splanchnics, in the presence of vagus influence, 

are certainly not required for the continuance of the normal motor 

activities of these organs. 

For the vagus nerve both motor and inhibitory effects on the 

stomach have been described. May, working with Starling, found 

that after ordinary stimulation of the vagus a short initial inhibi- 

tion of the movements was followed by much more vigorous per- 

istalsis and an increased muscular tonus.t On the small intestine 

almost all observers ascribe to the vagi an excitatory effect. Bayliss 

and Starling ® found invariably that stimulation of these nerves pro- 

duced, after only a momentary inhibition, a marked and prolonged 

augmentation of the contractions of the circular muscles. Although 

the vagus nerves are not necessary for contractions of the walls of 

the alimentary canal, the presence of vagus impulses, when the 

splanchnics are active, is apparently required in order to maintain a 

vigorous activity. *When the splanchnics are intact and the vagus 

impulses are removed, gastric peristaltic contractions are at first late 

in starting, and are so weak as scarcely to impress the stomach out- 

lines; the discharge through the pylorus is slow; and the passage 

through the small intestine is under the normal rate. This primal 

depression of the movements of the gastro-intestinal canal after cut- 

ting both vagi must not, however, be regarded as persistent, for there 

is later a respectable recovery of efficiency by all the motor activities 

of the canal. + 
Observations on the isolated stomach® and on the isolated intes- 

1 Morar: Archives de physiologie. 1893, xxv, p- 142. 

2 May: Journal of physiology, 1904, xxxi, p. 271. 

BAYLISS and STARLING: Journal of physiology, 1901, xxvi, p. 138. 

4 May: Loc. cit., p. 264. 

BaAyLiss and STARLING: Journal of physiology, 1899, xxiv, p. 142. 

6 HorMEISTER and Scuutrz: Archiv fiir experimentelle Pathologie und Phar- 

makologie, 1886, xx, p- 7. 

o 
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tine! have proved that these organs are capable of the performance 

of characteristic movements wholly independent of connections with 

the central nervous system. It was to be expected, therefore, that 

gastric and intestinal peristalsis and rhythmic segmentation would 

occur quite as usual after section of all splanchnic and vagus nerves 

in animals otherwise normal. The interesting feature of the observa- 

tions on animals with all extrinsic nerves cut was the improvement 

in the motor activities over the condition in which only the vagi were 

cut. Gastric peristalsis, the discharge of proteid from the stomach, 

and the passage of both proteid and carbohydrate through the small 

intestine were all more nearly normal when there was no connection 

between the gastro-intestinal canal and the central nervous system 

than when the splanchnics alone were intact. This difference indi- 

cates that the abnormality of functioning after vagus section was 

due, not only to the absence of tonic motor impulses through the 

vagi, but also, in part, to the depressing influence of the splanchnics. 

Again in these cases of total isolation of the stomach and the small 

intestine from the central nervous system, the immediate effect of 

removing vagus impulses is a failure of these organs to act as natur- 

ally as they act later. Although the motor functions of the gastro- 

intestinal tract can be performed by muscular contraction alone, or 

through local nervous mechanisms, an energetic performance of 

these functions appears dependent upon impulses through the vagi. 

The vagi seem to support the operations of these outlying mechan- 

isms in a tonic manner. When this support is removed, the motor 

activities may be temporarily suspended or much less effective than 

normal; later, however, the local control proves itself able to manage 

the movements with approximate naturalness. 

It is clear that the persistence of characteristically different rates 
of discharge of proteid and of carbohydrate food from the stomach 
after splanchnic section, after vagus section, and after severing both 

sets of nerves in the same animal, definitely proves that the control 

of the differential discharge is local and not mediated through the 
central nervous system. 

SUMMARY. 

One series of animals was studied with only splanchnic nerves cut, 

another series with only vagus nerves cut, and a third series with an 

entire severance of splanchnics and vagi. 

1 BAYLIss and STARLING: Journal of physiology, 1899, xxiv, p. 102; 190, xxvi, 

p- 125. Also MAGNus: Archiv fiir die gesammte Physiologie, 1904, cii, p. 123. 
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Splanchnic section resulted in no change of the normal movements 

of any part of the alimentary canal. Proteid and carbohydrate food 

passed through the pylorus at practically the normal rates, but the 

transit of proteid food from pylorus to ileocolic sphincter was much 

accelerated. There was no acceleration when carbohydrate food 

was fed. 

Vagus section resulted primarily in a tardiness in the starting of 

gastric peristalsis, a marked weakness of the peristaltic constrictions, 

a retarded and slow discharge through the pylorus, especially when 

proteids had been fed, and a slow passage through the small intestine. 

These primary effects were largely recovered from within a few days. 

After combined splanchnic and vagus section gastric peristaltic 

waves, unlike those seen when the vagi alone were cut, were, almost 

from the first, normally deep constrictions. “At autopsy of these cases 

the stomach was usually found strongly contracted. As in the cases of 

vagus section, there was after operation immediately a retardation 

of the discharge through the pylorus, and later a partial recovery of 

the normal state. After this recovery the proteid discharge was 

more nearly normal than when the vagi alone were cut; the carbo- 

hydrate discharge remained about the same. The transit through 

the small intestine was slower than normal. 

Rhythmic segmentation of the contents of the small intestine was 

seen in every condition of nerve section. 

The characteristic rapid discharge of carbohydrate food and slow 

discharge of proteid food from the stomach, maintained after vagus 

section, after splanchnic section, and after combined splanchnic and 

vagus section, confines the differential discharge of proteids and 

carbohydrates through the pylorus to a local control. 
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I. INTRODUCTION. 

HE Protozoa have been made the experimental objects for the 

solution of important physiological problems. The processes 

of these animals have been found so much dependent upon the con- 

ditions of their liquid environment that the subject of their culture 
and experimental media has become one of fundamental importance 

in any investigation dealing with them, It has become clear that 

the results obtained must be defined as certain functions of the par- 

ticular conditions, physical and chemical, which prevail in the solu- 

tions that constituted the media in which they were raised. The 
intimate relation between a living cell and its liquid environment is 

still much in want of elucidation. In this first part of the present 

paper some methods will be described and data will be reported 

which relate to the study of mass cultures of Protozoa. The subse- 
quent parts, data for which have been obtained but not yet published, 

will deal with the progressive chemical and physical changes in these 

culture media together with their simultaneous biological change, 

also with the relations of the contained organisms to solutions of 

acids and alkalies, and to pure water, as their media. 

443 
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My attention was first called to a closer study of the media in 

which Protozoa grow by the fact that a hay infusion in which numer- 

ous species were growing abundantly failed to develop others which 

were introduced into it in sufficient numbers to seed it. Much 

later, however, in the history of the same culture the seeded species 

would show a period of abundant development, although the great 

majority of the animals that had been used for seed died soon after. 

Omitting details for the present, I have shown that different species 

of Protozoa develop in a serial order in a hay infusion made and 

treated as will be presently described, and further that this order is 

irreversible in natural cultures. The explanation of this biological 

phenomenon was sought in the physico-chemical conditions. Other - 

explanations which suggested themselves will be discussed subse- 

quently, but they do not seem to me to apply equally well to the data 

which were obtained. 

During the progress of the present work I enjoyed the privilege 

of frequent conferences with Dr. A. T. Lincoln of the Department of 

Chemistry, and for this kindness I am under much obligation to him. 

I desire also to thank the authorities of the chemical department for 

their kindness in lending me necessary apparatus. 

Il. Tue Puysico-CHEMICAL DESCRIPTION OF CULTURE MEDIA. 

In order to answer the questions whether the fixed order of succes- 

sion characteristic of these cultures is due to a regular series of 

changes in the conditions of the media, it is necessary to devise 

methods for determining their physical, chemical, and biological 

nature and content. The biological aspect of this subject I shall 

defer to subsequent parts of the paper. In general, it is evident 

that the physico-chemical definition of a cultural or experimental 

medium would be of great value. It is also true that in the present 

state of our knowledge accurate and complete definition of the con- 

ditions of a solution such as a hay infusion which contains decompos- 

ing organic matter is impossible. Even in the case of experimental 

media consisting of pure aqueous solutions of salts, physical chemis- 

try fails to give us the desired definition, especially when several 

salts are contained in the medium. Culture media, natural or artifi- 

cial, usually consist of water, inorganic salts, dissolved gases, and | 

organic matter which includes foods and some of the metabolic 

products of the organisms. Even when organic food with its liabil- 
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ity to decomposition is excluded from an experimental medium the 

complexity of the latter is still enhanced by the formation of meta- 
bolic products, both organic and inorganic. We are far from a satis- 

factory knowledge of organic decomposition products on the one 

hand, and on the other the theory of solutions fails us most in just 

those cases which occur with the greatest frequency, 7. ¢., in complex 
mixtures of salts. It is evident that only an approximate definition 

of the media is at present attainable. But still other limitations ap- 

pear when the matter is viewed not simply from the chemist’s stand- 
point but also‘from that of the biologist. The latter would like to 

examine these media in the actual condition in which they act upon 

organisms. The end results of a chemical analysis calculated back 

to their supposed original condition do not very well serve the pur- 

pose of the physiologist. Physical chemistry has already done much 

service in the description of the internal conditions of solutions so 

far as they are defined by direct measurement, and this much is true 

regardless of what the theory of the significance of these measurements 

may be. 
At this point we may pause to consider the relation of this effort 

to define media by physical and chemical characters to the theory or 

theories of solution. All such characters as are directly observed or 

measured are of course-independent of the changes which the theory 

of solution may undergo, and such determinations serve reliably for 

the comparison of physiological conditions in natural or experimental 

media, this purpose being one for which the determination of these 

characters is recommended. But we can go still further upon firm 

ground. It should be emphasized that the question whether these 

measurable characters or conditions of solution are physiological 

factors as well may also be tested by direct experiment independently 
of the theories of physical chemistry. Illustration of this fact will 

occur in the subsequent parts of this paper. Simply the determina- 

tion of the interrelation between physiological activities of cells and 
the physical and chemical conditions of their liquid environment is 

one of the extensive and important problems of biology. This prob- 

Jem need not and should not wait for the completion of a theory of 

solutions. This safe and stable ground should be recognized as a 

permanent bond between physical chemistry and physiological biology. 

When physiological interpretation is made to depend for its validity 

upon a given theory of solutions, then of course it stands or falls 
with the latter. The biologist should clearly recognize the distine- 
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tion between these two phases of the relation of his work to physical 

chemistry. Both phases are represented in the present paper. Most 

of the methods recommended and most of the facts presented rest 

upon direct observation and measurement. In some cases I have 

developed the results so obtained according to a theory of solutions, 

but I have aimed to make such development clearly recognizable by 

the reader. 

We may now return to the consideration of some other peculiari- 

ties of this problem as it is seen from the biological standpoint. For 

the biologist it is impracticable to use for a single analysis the large 

volume of his culture liquid which the chemist is accustomed to 

use and which is considered necessary to insure accuracy. For the 

biologist it is important that the physical and chemical determina- 

tions require but small quantities of the liquid in order that he may 

have enough of the same medium remaining for further observation 

and for subsequent determinations. The physico-chemical examina- 

tions must not involve the necessity of bringing the experiments 

toaclose. It may be possible, but in most biological laboratories it 

would be exceedingly inconvenient, to deal with very large quantities 

of the kind of media here in question. If the frequent estimations 

required result in the use of small quantities as the basis of ordinary 

chemical analysis, then the quantitative results obtained must not be 

regarded as correct in their absolute values, but they must neverthe- 

less be sufficiently accurate to be valid for the purpose of comparison 

with other values obtained under similar conditions. Another fact 

resulting from the conditions under which the biologist works is that 

volumetric chemical determinations should be selected, whenever 

possible, instead of those which are gravimetric. All the above con- 

siderations lead to the conclusion that only approximate and com- 

parative definition of media for the service of biology is at present 

possible. This fact by no means minimizes the great necessity and 

the usefulness of such a description of the conditions which prevailed 

in the environment of the animals when the results of a given inves- 

tigation were obtained. Discrepancies between the work of different 

investigators upon the same species or of the same investigator at 

different times would thus find a probable clue to explanation. An- 

other important advantage would be the limitation of results to a 

given set of conditions until their wider application had been proved. * 

All these considerations have their valid basis in the fact, now well 

known to investigators familiar with the objects, that living cells are 

very delicately adjusted to the conditions of their liquid environment. 
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Ill. THE MANAGEMENT AND DEVELOPMENT OF Hay CULTURES. 

The scheme of determinations here presented which serves at least 

for an approximate description of the physical and chemical condi- 

tions of a liquid medium, was developed in connection with the study 

of hay infusions used for the growth of mass cultures of Protozoa. 

The principles which determined the applicability of the methods to 

this medium were then seen to apply to practically all common liquid 

media, although these may differ much in their quantitative aspect. 

The methods are perhaps best explained in connection with their ap- 

plication to a hay infusion, and I shall first describe the preparation 

and care of this medium. 

The following method has been followed so often in this laboratory, 

both for the purpose of investigation and for the growth of class- 

room material, that the course of development of cultures so managed 

has become predictable. The final volume of the majority of cul- 

tures prepared was about 7590 c.c., or about two gallons. For this 

amount of liquid a small handful of timothy hay was used, and this 

was found to weigh about 30 gm. or about one ounce. The quantity 

of hay need not be accurately weighed or measured. The effect to 

be expected from somewhat larger or smaller quantities is simply 

an increase or diminution respectively in the length of time required 

by the culture to run through its cycle of changes to complete ex- 

haustion, 7. ¢., to biological sterility. Other kinds of hay and other 

forms of organic nutriment have given considerably different results 

than those here described. The hay is covered with a sufficient pro- 

portion of the whole quantity of water to be used to immerse all the 

hay, and it is then heated to boiling, and this is continued for a few 

minutes. I am in the habit of performing this process in an iron 

kettle used for this purpose only. In the meantime the unboiled 

portion of the water is placed in the vessel in which the culture is to 

be set. Glass jars are best adapted to this purpose because they 

facilitate observation, but stoneware vessels may also be used. When 

the boiled material has partially cooled, it is transferred, including 

both the infusion and the solid hay, to the remaining cold water which 

has been placed in the culture jar. The hay has been boiled for sev- 

eral reasons, one of which is to drive the air out of it, soak it with 

water, and so make it heavy enough to sink to the bottom of the jar. 

This prevents it from interfering with observation of the surface and 

sides of the jar, which it would do for some time if it were introduced 
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in the dry form. Other effects of the boiling will be described subse- 

quently. Two important features of this method of setting a culture 

are the boiling of only a portion of the total volume of water and the 

retention of the boiled hay in the medium. The absence of the solid 

hay will simply give a short-lived culture which would not last long 

enough to develop the characteristic biological cycle to be described 

later. I have not found the kind of water used to be a matter of 

much importance so far as merely raising a successful culture is con- 

cerned, but if any experiments which involve physiological conditions 

are to be performed upon the animals, then the question of the water 

used as a solvent may become of much importance. Animals of the 

same species but originating from different conditions have fre- 

quently shown marked physiological differences. The cultures I have 

studied have been made, some with tap water that contained a con- 

siderable proportion of inorganic salts in solution, some with the 

water of a flowing stream or of a stagnant pond, and some with dis- 

tilled water. Rain water might also be used. Barring natural water 

containing poisonous mineral salts, it is of less importance to select 

a given kind of water than it is to be able to determine the charac- 

ter of the medium prepared with it. After a given water has had 

boiled hay added to it, its original character is no longer of much sig- 

nificance. A culture medium prepared as above described is now 

ready to be seeded. If proper precautions were taken, these cultures 

could be seeded with one or a few species of Protozoa, but the pres- 

ence of bacteria is also necessary to produce the normal course of de- 

velopment or of decomposition in the culture. In these studies and 

in the growing of class material the object was to produce a mass cul- 

ture of as many different organisms, plant or animal, as were at any 

time adapted to the varying conditions. Seed for a new culture was 

taken from any or all old cultures in the laboratory, and consisted of 

some of the liquid, portions of zoogloea, solid and decaying hay, and 

a representative collection of the organisms to be found in the growth 

area which develops on the walls of the jar near the surface of the 

liquid. A new culture may also be seeded with aquatic material of 

all sorts collected in the field. Decaying leaves, slimy sticks, and 

small portions of the water which has been agitated so as to disturb 

the sediment at its bottom furnish good material. Frequently the seed, 

wherever obtained, does not, upon examination, seem to be rich in or- 

ganic forms, but unobserved and unexpected forms may nevertheless 

appear in the culture later in abundance. Nor is’it by any means cer- 
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tain that forms which are introduced in abundance will flourish, and in 

some cases they will nearly all die off at first, only to appear in large 

numbers later. For the explanation of these peculiarities a ready in- 

dication may be obtained from a comparison of the physico-chemical 

conditions as shown by quantitative methods, of the medium from 

which the seed material originates, and of the hay infusion into 

which it is introduced. Old cultures that have nearly or entirely run 

through the characteristic cycle may be revived and caused to repeat 

the cycle in apparently every particular by re-feeding the culture with 

solid hay and its infusion prepared exactly as for a new culture. For 

this purpose re-seeding is of course omitted. After preparing the 

media and seeding them, the culture jars are to be kept covered, 

preferably with a pane of glass, to prevent undue evaporation which 

would give rise.to a concentration of the dissolved salts not due to 

the metabolism of the medium or of its contained organisms. The 

cultures are to be labelled with a date number, so that their age is 

easily determined when they are under observation. They should be 

kept in a warm place at or above room temperature, and preferably 

with always the same side towards the light. Upon the illuminated 

side a green layer of alge will gradually appear. If gas bubbles 

raise the hay to the top, it may be pressed down with a glass rod, 

otherwise the culture liquid should never be agitated except for defi- 

nite experimental reasons. Through some cultures 1 have led con- 

stant or intermittent currents of air which somewhat modify the 

course of development. 

I shall next describe some of the processes which occur in the cul- 

ture liquid and their measurement. On the day when prepared the 

liquid has a straw color. When the culture is a day old, this color is 

still lighter, and if the temperature has been warm enough, some gas 

bubbles appear which may become sufficiently abundant to lift the 

hay to the surface. This gas is principally CO,. Other gases dis- 

tinguished from this by their odors may be evolved in greater abun- 

dance later. Old cultures have a darker or brown color, and the same 

culture liquid passes through all gradations from light straw to dark 

brown colors. Treatment of a portion of this liquid in a test tube 

alternately with acid and with alkali shows that the hay contains a 

coloring matter, sensitive enough to act as a rough indicator for H 

and OH, and hence mere inspection shows to the experienced eye the 

condition of a culture, and, moreover, its relative age. The light and 

yellowish shades of color are due to acid, the darker and brownish 

shade to alkali. 



450 Amos W. Peters. 

Another condition easily ascertained by direct observation is that 
the liquid, though colored, is clear when first prepared, but after a day 

or longer it has become turbid. Microscopical examination of the 

clear liquid shows relatively few bacteria, but the turbid liquid is 

found to contain millions of them. I have never determined the 
specific kinds of bacteria, but I have observed sufficiently to see that 

practically the same forms are characteristic of the same cycles of 

these cultures. 
The data thus far obtained indicate that the bacteria introduced 

with the seed material are the primary agents in the metabolism of 

the culture. To their fermentative action upon the carbohydrate 

extracted from the hay we may ascribe the abundant production of 

CO,,‘and the very acid condition of the medium during the first few 

days of its history. Of course other acids, ¢. g., lactic, are no doubt 

also produced, and other matter than carbohydrate is also fermented, 

but probably in much smaller amount, and more so at a subsequent 

period. Appropriate methods of determination, described below, will 

give us some information on this point. The bacteria themselves 

may be regarded as constituting the primary source of food for the 
Protozoa, e. g., Paramzecium, which soon begin to multiply with great 

rapidity. Observation will show that some of the Protozoa, e. g., 

Stentor coeruleus, prey upon the animals of the same group. Fre- 
quent microscopical examination of the food content of various 

Protozoa has shown that this mode of feeding is not of much quanti- 

tative significance, and that bacteria and alge are the main food 

supply of the various animals found in the cultures. Observation 

shows that the number dying as prey is relatively small compared 
to the number of new organisms arising by a rapid rate of multipli- 

cation when the organism preyed upon multiplies under favorable 

conditions. The succession of organisms in the culture cannot be 

satisfactorily explained by the unaided supposition that the animals 
prey upon each other. Upon the theory that oxidizable food matter 

is osmotically absorbed from the surrounding solution by the Protozoan 

cell, I am content to leave the burden of proof for that proposition. 

The first biological period in the history of the culture may then be 

regarded as that of the bacteria, and other cycles characterized by 

predominant species of Protozoa follow in fixed and regular order. 

Without determining this order at present we may now turn to the 

determination of the conditions under which these animals will 

develop. ; 
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IV. QuavirativE EXAMINATION OF CULTURE MEDIA. 

If a few cubic centimetres of the straw-colored liquid be placed in 

a white porcelain evaporating dish and the indicator phenolphthalein 

in solution added, the liquid fails to develop the characteristic red 
color which would appear in the presence of a certain excess of OH. 

Hence, according to the theory of indicators, the liquid contains more 
H ions than are produced when phenolphthalein dissociates, thus per- 

mitting the red color of its anions to become visible. In other words, 

the concentration of H ions is too great to permit the dissociation of 
phenolphthalein. If now the same liquid be boiled even a very short 
time, the phenolphthalein becomes red. Evidently the original 

acidity was due toa volatile acid, mostly carbonic. If the reaction 
of another portion of the culture liquid be tested with methyl orange, 

it will fail to develop the characteristic pink color which would appear 

in the presence of a certain excess of H. According to theory the 

liquid contains fewer H ions than are produced when methyl] orange 

dissociates, and so permits its yellow anions to become visible. In 

other words, the concentration of H ions is too small to interfere with 

the dissociation of methyl orange. The behavior of the liquid with 

these two indicators points to the presence of acid salts, which in 

this case will be found to be mostly bicarbonates. 
Evaporation of 10 c.c. of the filtered culture liquid in a crucible 

leaves an abundant yellowish brown residue, which chars upon the 

application of a red heat, finally leaving a colorless mass of inorganic 

salts. The charring is due, of course, to the presence of organic 
matter held in solution and not to organisms suspended in the me- 

dium, provided the filtration which preceded evaporation was properly 

performed. All organisms larger than the bacteria should be separated 

from those portions of the culture liquid which are to be used for most 
of the determinations to be described. Hard pressed filter paper 

(Schleicher and Schuell’s No. 575) serves well enough for approxi- 

mate results. Under some circumstances the paper may easily clog. 

A better and more rapid method consists in the use of a filter pump 

to partially exhaust the air from underneath an asbestos filter made 

of any desired thickness and compactness from fine washed asbestos. 
At this stage an ordinary qualitative chemical analysis is indicated 

if the operator is dealing with a kind of culture liquid which he has 

never examined in this way. After he has once well oriented himself 
regarding a particular kind of medium which he may be preparing 
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repeatedly, the qualitative tests may be omitted when fresh quanti- 

ties are prepared by the same rule. The experimenter with organic 

culture liquids must not deceive himself with the proposition that 

because such a medium is repeatedly prepared by the same empirical 

method the quantitative results produced are also uniform. It is just 

this point that requires objective proof before reliance is placed upon 

it inacontinued series of experiments. Particularly is this true when 

the ensuing biological phenomena are supposed to be due to the 

physical and chemical conditions of the medium. When in this case 

the experimenter presents neither qualitative nor quantitative investi- 

gation into the character of the medium with which he is producing 

the results described, his interpretation of these results may very 

justly be regarded as wanting in sufficient and necessary evidence. 

These observations are worth making in order that the experimental 

zodlogist be not less critical with his means of investigation than the 

chemist and the physicist. If the zodlogist is to deal efficiently with 

problems in the physiology of animals, he will have to add to scalpel, 

microtome, and microscope, highly valuable as they are, a working 

knowledge of at least some chemical and physical determinations. 

The fact that chemistry and physics cannot yet give a complete ac- 
count of an organic culture liquid does not diminish the force of the 

preceding observations. The logical analysis of biological phenomena 

requires all the data now obtainable. All the above observations 

apply with equal or greater force to the preparation and use of experi- 

mental (not cultural) media consisting of solutions of pure inorganic 

salts. A general principle which applies to the study of the inter- 

action between organisms and liquid media, whether the latter be 

organic or inorganic, is that the experimenter must determine objec- 

tively the successive changes which any medium necessarily under- 

goes whena living organism inhabits it. This constitutes a laboratory 

study in ecology made upon a kind of environment, the liquid, which, 

from the standpoint of the cellular structure of all organisms, is of 

almost universal occurrence. 
From this digression we may return to the qualitative analysis. 

As a guide Prescott and Johnson, :05, may be used with much advan- 

tage. After the preliminary tests already described the operator may 

proceed with a systematic scheme of analysis. For a description of 

the necessary operations reference must be made to the above-named 

authority. I have never found the quantity of organic matter in hay 

infusions made as previously described, to be sufficient to interfere 
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with the ordinary tests, except in some cases, by reason of the pro- 

nounced color of the liquid. In the examination of any medium 

where it becomes desirable or necessary to remove organic matter, 
this is best done by the methods recommended by Hoppe-Seyler, :03, 

pp. 391-394. The liquid is treated with some excess of sodium car- 

bonate, evaporated, and then charred and ignited at as low a tempera- 

ture as possible. This process reduces losses from volatilization to 
aminimum. The residue may then be used for the ordinary course 

of analysis. Na and CO, must of course be sought in another por- 

tion of the original liquid. In some cases it may be permissible for 
the operator to assume the absence of the metals of the first and 

second analytical groups, as classified by Prescott and Johnson, be- 

cause they are poisons not likely to occur in the materials which he 

carefully selects, but for certainty demonstration is indispensable. 

Lead in waters, fixing agents from laboratory utensils, etc., must be 

guarded against. Usually the examination for metals of the third 

group, 7. ¢., Fe, Cr, Al, will be the first part of the analysis that will 

show the positive presence of certain metals. As the presence of 

phosphoric acid would complicate the analysis of the third and of 

succeeding groups, and as this acid may frequently occur in organic 

liquids, its presence or absence must be established before proceed- 

ing. The residue from 10 c.c. of hay infusion obtained as previously 
described was dissolved in water, acidified with nitric acid, and tested 

for phosphoric acid with ammonium molybdate. No precipitate and 

no color change whatever followed the use of this reagent, thus dem- 

onstrating the absence of phosphoric acid. As a control test, a trace 

of K,HPO, was added to 10 c.c. of the original culture liquid, and 

exactly the same procedure for phosphoric acid was performed, and a 

positive result ohtained, as evidenced by the yellow color due to a small 
quantity of ammonium phosphomolybdate. For certain purposes it 

might become advisable to conduct the qualitative examination upon 

the residue from the concentration of a large amount of liquid. Using 
only small quantities of the hay infusion, the following radicals were 

proved to be present: Fe, Al, Ca, Mg, K, Na, NH,, CO,, Cl, SO,. 

Examination of the medium at a different stage of its development 
might show additional substances present, ¢. g., H,S. These would 
consist of transition products standing between organic matter and 

its final mineralized products. I am indebted to the State Water 

Survey of Illinois for the following mineral analysis of the Univer- 
sity Water Supply, with which the above-described hay infusion was 

made: 
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It appears that the hay added no qualitatively new constituent in 

appreciable amount except its organic matter, but of course the 

quantitative relations are probably much altered, and on this point 

the determinations to be described later furnish satisfactory data. 

The progressive alteration of this organic matter begun by the bac- 

teria furnishes the explanation for the fact that this medium is not one 

environment, but is a series of these, each characterized by a fauna 

delicately adjusted to its special conditions. Our immediate problem 

is to find some means of distinguishing these stages from each other. 

V. SELECTION OF QUANTITATIVE DETERMINATIONS. 

At the beginning the most evident change is the production of 

CO,. There is not enough base present to hold all the CO, pro- 

duced in chemical combination, nor is there sufficient liquid to hold 

it all in solution under the existing atmospheric partial pressure. If 

we desired to measure all the CO, produced, this would be entirely 

feasible by the method which was devised by Barratt, :05, pp. 66 ff. 

In the present case we desire a measure of only that quantity of 

H,CO,, or of any other free acid, which may arise from organic pro- 

cesses with which the organisms in the medium must live in contact. 

This can be accomplished by titrating under certain conditions a 

given volume of the culture liquid with a standard 0.01 m NaOH 

solution, using phenolphthalein as an indicator. I shall call this deter- 

mination simply the phenolphthalein acidity. Its significance is both 

chemical, with reference to the carbon metabolism of the culture 

medium, and physiological, owing to the great activity of acidic H 

upon living organisms. On account of the chemical relations of these 

determinations the technique of making them will be described to- 

gether later, and some results given for illustration. 

The gradual breaking down of dead organic matter and the disin- 
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tegration of at least some animal or plant bodies may be expected to 

affect the quantity of inorganic salts present in the medium at differ- 

ent times. In any case a culture liquid is, for physiological reasons, 

a salt solution of some kind, and this is also true of many experimental 

media. Hence the quantitative inorganic salt content (and gaseous 

content also) is of much significance as an indication of the condition 

and changes of the medium, chemically considered, but the physio- 

logical importance of this content is still greater. The qualitative 

differences between the action of salt radicals (or ions) is well known, 

including such variety as poisons, apparently indifferent substances, 

and stimulants of specific character. In addition to their specific 

action all the salts are important on account of their possible osmotic 

action. The interchange between the cell and its medium is one of 

most far reaching consequences in the life of the cell, and the salts 

play a prominent part in this process. At this point it is necessary 

to distinguish between what for want of a better name I shall have 

to call a physical osmosis, on the one hand, and a physiological 

osmosis on the other. It is here, again, that the theories of solution 

must be taken into consideration. If the kinetic theory of gases be 

regarded as applicable to solutions, then we may calculate from cer- 

tain measurements an osmotic pressure, which is regarded as exist- 

ing in the solution independently of the properties of any membrane. 

Perhaps this quantity is more accurately described as the maximum 

osmotic pressure which the solution could exert upon a strictly semi- 

permeable membrane. It is to be noted that this theory of osmotic 

pressure is rejected by some investigators, and for the biologist the 

quantity above described can be of use only as one of the physical 

characters for the comparison or identification of solutions. Two 

different points of view on this question are well represented by 

Lothar Meyer, ’90, pp. 23-27, and a reply by J. H. van’t Hoff, ’90, 

pp. 174-176. Further discussion of osmosis, with special reference 

to biological phenomena, is made by J. Traube, :04, pp. 704-715- 

Physiologically, osmotic pressures without reference to the particular 

membranes involved are of no significance, and the existence of semi- 

permeable membranes is highly improbable. Hence the permeability 

of the natural membrane is the osmotic factor of greatest significance 

for physiological processes. But this may vary according to the 

specific kind of cell under consideration, also with different physio- 

logical conditions of the same cell, and possibly according to the kind 

of salt surrounding the cell wall. But of the permeability of animal 
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cells we have only the most limited knowledge. How seriously this 
limitation affects our physiological conceptions may be understood 

from a consideration of the significance of the vital interchange 

between cell and medium, It is not the purpose of this part of the 

present paper to describe investigations on this subject. I shall, 

however, in one case at least, describe the method of obtaining the 

physical osmotic pressure above referred to. 

The preceding considerations show the importance of obtaining the 

inorganic salt content as one of the descriptive quantities of a culture 

or experimental medium. I shall describe some methods adapted to 

this purpose. In the hay medium here used the qualitative examina- 

tion has shown the presence of acid salts, mostly or wholly bicar- 

bonates, and in many media this same condition will present itself. 

.This class of salts can be easily estimated by titrating a given volume 

of culture liquid with 0.01 m HCl, using methyl orange as indicator, 

and I shall call this determination the methyl orange alkalinity. In 

the quantitative examination of the hay infusion here used the total 
quantity of nearly all the salts present will have been estimated in 

the determination of bicarbonate. Nearly all the base present is 

combined in this form, there being comparatively little chloride, sul- 

phate, etc. Hence, here the quantity of bicarbonate is especially 

significant as an indicator of the osmotic conditions. The phenol- 

phthalein acidity and the methyl orange alkalinity, two simple deter- 

minations, are sufficient to show great differences between various 

proposed organic culture media, and they also show some well-marked 

changes in the history of a given organic medium. If the medium 

contains quantities of other salts, ¢. g., chlorides or sulphates, etc., 

estimable by ordinary methods when applied to small quantities of 

culture liquid, these must also be determined by the various special 

volumetric methods applicable to each constituent sought. For 

chlorides, even in very small concentration, the method of Volhard, 

which gives accurate results and in which the liquid is made strongly 

acid, is to be most recommended. In the selection of methods for 

the titration of other acid and basic radicals the operator is strongly 

limited by the fact that these methods must be sensitive and accu- 

rate enough to estimate quantities in such dilution that 0.01 normal 

standard solutions are appropriately used. The operator does not 

command large quantities of liquid which could be concentrated by 

evaporation as in mineral analyses of waters. This limitation does 
not prevent the titration of substances for which very sensitive 
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methods exist, ¢. g., chlorides and iron, and of those substances 

which occur in relative abundance in the liquid, ¢. g., calcium. I 

have not tried any of the newer methods for the volumetric estima- 

tion of alkali metals. Such determinations would give desirable 

factors in the history of a culture liquid, especially hay infusions. A 

further difficulty in the selection of methods is that they must be 

practicable in the presence of some organic matter. Incineration 

of the evaporated residue of a portion of the liquid would defeat one 

of the purposes of these determinations, which is to find how much of 

the organic constituent has become mineralized from time to time. 

If for any reason it becomes important to know accurately the 

relative quantities of inorganic salts, some eravimetric methods may 

have to be used, even if infrequently. I have made only those 

estimations which seemed to me to be of most significance for the 

correlation of the chemical and physiological events in the culture. 

My selection is admittedly incomplete. 

From the above point of view some indication of the total amount 

of organic matter is desirable and only an indication is possible. 

Probably the best we can do is to adopt the permanganate method for 

oxygen consumed to be executed under certain uniform conditions 

later to be described. In spite of the well-known limitations in the 

significance of the results obtained by this method they are never- 

theless of considerable value for comparative purposes, and it is from 

this standpoint only that we shall interpret them. 

It is evident that the amount of dissolved oxygen in a given volume 

of the liquid is a chemical and physiological factor which it would be™ 

desirable to obtain. Some experiments which I have made in this 

direction were not carried to completion, 

I have added to the preceding the measurement of the e/ectrica/ 

conductivity by the method of Kohlrausch. According to the theory 

of electrolytic dissociation this quantity is an index of the ionic 

concentration. The conductivity is one of the important physical 

characters of a solution. As this determination assists us in the 

correlation of physiological facts with physical characteristics, it is 

for that reason desirable, even though its physical meaning may be in 

dispute. The use is evident of this or any other methods that will 

assist in the explanation of the fact that the same concentrations 

of different acids as determined by ordinary chemical analysis act 

with very different intensities, both physically and physiologically. 

Other examples could be added. It is true that this measurement 
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taken independently of other determinations upon the same liquid has 

only a limited and ill-defined significance, and still more so when taken 

upon a complex mixture of salts such as most culture media. But in 

the latter case and in natural media, ¢. g., waters, the inorganic salt 

content, to which the conductivity is mainly due, may be almost 

completely classified into the alkali, alkali earth, and earthy metal 

groups of bases, and the acidic radicals combined with these are also 
limited to a certain small list. The conductivity of these salts taken 

separately is known as well as the conductivity relations of members 
of the same group and of the different groups to each other, so that 

averages can be used for approximate results. Furthermore, one is 

frequently dealing with repetitions of qualitatively and roughly simi- 

lar media, e. g., hay infusions. In all these cases the electrical con- 

ductivity serves well for the identification of similarity in conditions 
and for the physical comparison of the solutions. The method is so 

sensitive that small differences are expressed in easily measurable 

magnitudes. Kohlrausch, ’98, pp. 131-132, has emphasized the 

use of the method for the approximate estimation of the concentra- 

tion of salts in solutions whose general character is known. In the 

present scheme of investigation more precise knowledge of the con- 

stituents is contemplated, and this measurement is to be accompanied 

by others which may be brought into physical or physiological 

relation with it. 
The methods thus far described give information regarding the: 

1. Acidity; 2. Salt content; 3. Carbonaceous content; 4. Electri- 

cal conductivity. The organic nature of the culture liquid suggests 

the question whether the nitrogenous metabolism of the culture 

might not also be an important chemical and physiological factor. 

Organic culture media resemble a mild sewage, and it is evident 

that the chemical data sought are much the same as the analyst of 
waters and of sewage seeks, the methods used being slightly modified 

by the ultimate physiological aim. A consideration of the conditions 

prevailing in these media led me to make numerous estimations of 

nitrogen in the form of free and saline ammonia by the Nessler pro- 
cess, and of organic nitrogen by a modified Kjeldahl process due to 
Rideal. The serial nitrogen values obtained in the history of indi- 

vidual cultures showed that, owing to several compensating processes 

in the nitrogenous metabolism of these cultures, these values are not 

useful in demarcating developmental stages unless other inconvenient 

and time-consuming estimations are made at the same time. Nitro- 
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gen in the form of nitrites and nitrates would not be expected to 

occur, as will be explained later, in any quantity greater than traces 
during the time that these cultures are under examination, and they 

were never found when tests for them were made, Nitrates even 

disappeared shortly after they had been purposely added, these salts 
serving as a source of oxygen which became available upon their 

decomposition. 
Guided by the principle that the estimations which are to be made 

by the biologist should yield important information, either individually 

or combined with others, and that they should be capable of suffi- 

ciently rapid execution to permit serial determinations, I venture to 

propose the following series: 1. Phenolphthalein acidity. 2. Methyl 

orange alkalinity. 3. Total salt content and special methods for 

individual constituents. 4. Electrical conductivity. 5. Oxygen con- 

sumed. 6. Dissolved oxygen (not developed). 7. If desired, organic 

nitrogen. I have purposely omitted the determination of the depres- 

sion of the freezing point from this list, regarding that method as 

more useful in certain special cases than for the frequent application 

which was contemplated in making the above selection. It may be 

said again that, on the one hand, this list is not comprehensive enough 

to yield sufficient results for a full description of a medium, and, on 

the other, it may be abbreviated and still give results which define 

some important conditions of physiological activity. 
The use of these quantitative methods in the case of an unknown 

culture liquid is advantageously preceded by a qualitative analysis. 

The biological examination that is to run parallel with these deter- 

minations will, of course, vary according to the special aim of the 

investigator, and the method of examination which was applied to 

hay cultures will be described later. The practical application of each 

method will be outlined or references will be given to descriptions of 

the processes. These methods will be illustrated by practical ap- 

plications actually made, and the significance of results obtained or 
obtainable from culture liquids will be explained briefly. For guid- 

ance in method and for assistance in the interpretation of results, 

general reference is here made to certain works which are nearly 
indispensable. For a clear, concise, and concrete treatment of the 

elements of volumetric analysis reference may be made to the excel- 

lent short treatise of O. Kiihling, :o4. To this should be added 

Sutton, :o04, ‘ Volumetric Analysis”; Hoppe-Seyler, :03; Rideal, :o1; 

Kohlrausch und Holborn,’98. Specific references to these and to 

other authorities will be made in the following pages. 
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VI. APPLICATION AND RESULTS OF QUANTITATIVE METHODS. 

For the practical application of the preceding methods it has 

seemed to me advantageous to have a system of interrelated standards 

so devised that they all or nearly all depend upon a single original 

standard solution which can be most carefully prepared, or, if neces- 

sary, obtained by the biologist from a chemical laboratory. For a 

variety of reasons dependent upon the chemical point of view I have 

selected HCl for this standard. This HCl is used to obtain the 

methyl orange alkalinity directly. The standard HCl is also used to 

standardize the NaOH solution required to determine the phenol- 

phthalein acidity in the manner to be described. The standard HCl 

is also used for the standardization of a sodium thiosulphate solution 

by means of which, again, a standard potassium permanganate is pre- 

pared, the thiosulphate and the permanganate to be used in the de- 

termination of oxygen consumed. Furthermore, from the standard 

hydrochloric, after neutralization with the NaOH, a AgNO, solution 

is standardized by Mohr’s method. In this case the absence of Cl 

from the NaOH must be first proved by the AgNO, test. The stand- 

ard so prepared is used for the direct determination of chlorides, or 

better, by means of it, a standardized KCNS solution is made for use 

in the Volhard method for chlorides. In addition to the preceding a 

pure saturated aqueous solution of CaSO, is required for the purpose 

of determining the resistance capacity of the electrolytic cell or elec- 

trodes which the operator uses in conductivity measurements. The 

operator is advised to take the conductivity of his standard 0.01 m HCl 

solution and compare the value found with that given in the tables of 

Kohlrausch and Holborn, ’98, p. 160. This furnishes him a desirable 

control on both his chemical and electrical measurements. To any 

one to whom a system of standards which are interdependent seems 

objectionable, the alternative of preparing any or nearly all of the 

above standards by processes depending upon independent weighings 

is of course open. The principle of making interdependent volumet- 

ric standards has been recognized by good authorities (Sutton, :04, 

pp. 43-44 and references there). 

For the preparation of a standard HCl, F. Sutton, :04, pp. 47, 42-43, 

and for more detail, O. Kiihling, :04, pp. 46-52, may be consulted. I 

have followed the practice of finding, from the specific gravity of a 

pure strong HCl and from a table, the number of cubic centimetres 

of this acid required to make one or several litres of approximately 
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0.01m HCl. Having made this dilution, I have accurately standard- 

ized it by means of a weighed quantity of pure, dry Na,COs, using 

methyl orange as indicator. It is not worth while to attempt to dilute 

these solutions to exactly the desired 0.01 m, but its actual value 

must be accurately determined and this quantity used in the calcula- 

tion of results obtained by means of this standard. The value of the 

HCI may also be accurately checked by precipitation as AgCl. The 

absorption method may also be used for the preparation of a standard 

int@e 
The preparation and keeping of a standard NaOH solution are de- 

scribed in F. Sutton, :04, pp. 48, 20-21, and O. Kiihling, :04, pp. 53-59. 

An approximately 0.01 m solution of accurately known value is de- 

sired. Its exact value as determined by means of the standard HCl 

should be ascertained both for methyl orange and for phenolphthalein 

used as indicators, and these standardizations should be repeated at 

intervals. The standard NaOH should be connected by tubing with 

the burette, and should be protected from the CO, of the air by 

means of soda lime. It is not necessary that it be free from COs, but 

the two values above mentioned must always be known. 

A standard 0.01 m AgNO, and 0.01 m KCNS are made as has 

been previously indicated, and in addition reference may be made to 

F. Sutton, :04, pp. 144-146, 401, and to O. Kiihling, :04, pp. 141-149. 

For the preparation of standard thiosulphate and permanganate 

solution, see F. Sutton, :04, pp. 472, 477, 124, 135; also O. Kiihling, 

:04, pp. 84-94, 121-123. I have standardized the thiosulphate by 

means of the standard HCl by a method based upon a suggestion in 

F. Sutton, :04, pp. 138-139, concisely stated as follows: “ Recently 

precipitated oxides, or the natural oxides when reduced to fine 

powder, are readily dissolved and decomposed by very weak acid in 

the presence of potassium iodide (Pickering).” A bottle is selected 

whose ground glass stopper fits or is ground to fit gas tight. In this 

are placed 20 to 50 c.c. of the standard 0.01 m HCl. Then there is 

added a quantity of pure pulverized MnO,, an unnecessary excess 

being avoided in order to prevent too dark a color of the liquid when 

it is shaken. Then a sufficient quantity of KI in solution is quickly 

added, the bottle tightly stoppered and set in hot water (about 

75° C.) for a half-hour. The bottle is cooled and the liberated iodine 

is titrated, using starch indicator with a thiosulphate solution which 

has been prepared by a rough weighing. The following equations 

represent the reactions involved: 
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MnO, + 4 HCl = MnCl, + 2 H,O + Cl, 

Gh = 2 Kl = 2 KC) + I. 

I, + 2 Na.S,0; = NagSsO, + 2 Nal 

From these relations the value of the thiosulphate is calculated, and 

by means of this the permanganate, also prepared by a rough weigh- 

ing, is standardized by the usual method, using KI and H,SO,. Con- 

centrations of about 0.01 m Na,$,O, and about 0.002 m (= 0.01 n) of 

KMn0Q, are desirable for this work. 

The saturated aqueous CaSO, solution used for determining the 

resistance capacity of the electrolytic cell was made by the precipita- 

tion of CaCl, with H,SO, and washing the precipitate by decanta- 

tion. The water finally used must have a conductivity of 5 X 16—4 

reciprocal ohms, or less. For some purposes, particularly those 

involving conductivity measurements, particular attention must be 

given to the quality of the water as determined by this test, and in 

some volumetric processes it becomes important to use pure water 

freed from CO, by boiling. Water of sufficiently low conductivity is 

easily produced by a single redistillation of common distilled water 

treated with Ba 2 OH, the first and last portions of the distillate being 

rejected. 

The free and saline ammonia was determined by the usual colori- 

metric process, using the Nessler reagent. Distillation was not done 

except for comparison. The colored hay infusion was treated with a 

slight excess of NaOH in the cold, and rapidly filtered into a 50 c.c. 

Nessler tube, which had been previously nearly filled to the mark with 

cold ammonia-free water. By this means a colorless liquid was ob- 

tained ready for Nesslerization. The total organic nitrogen (includ- 

ing ammoniacal nitrogen) was converted by the Kjeldahl process into 

ammonium sulphate. A quantity of 5 to 20 c.c. of the culture liquid 

was boiled with strong H,SO,, and crystallized Na,SO,, cooled, 

washed into a 100 c.c. stoppered measuring flask with cold ammonia- 

free water, neutralized with strong NaOH, and a measured portion of 

the whole when cold was Nesslerized. Processes involving distil- 

lation were used for comparison. F. Sutton, :04, and Rideal, :o1, 

pp. 30, 38-40, may be consulted for the preparation of the standards 

required for the above methods, and also for the usual methods followed 

in making the same determinations. 

With some few exceptions the use of the described standard solu- 

tions for the estimation of the quantities specified in connection with 
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the description of their preparation needs no discussion beyond that 

which has already been given, or is readily found in the list of refer- 

ences previously cited. A few practical points are worth mentioning. 

Owing to the small quantities (5 to 10 c.c.) upon which titrations are 
made, it is important to find, if possible, what is the least quantity of 

the standard reagent required to make the end point clearly percep- 

tible in the volume of liquid under titration at the time when the end 
point is reached. A titration performed upon this volume of distilled 

water gives an approximate correction which is to be subtracted from 

the actual volume of standard solution used in the case of culture 

liquid. The use of more methyl orange than necessary makes the 
result worthless. With practice the eye becomes very sharp in 
detecting the ovange-brown transition color which the indicator 

shows between pink and yellow. White porcelain evaporating dishes 

of small size are suitable vessels for titrations. When flasks are used 

a sheet of white paper under them serves well for a background. 
Increased certainty regarding the end point may be obtained by the 

use of a second dish of the same liquid for comparison, especially 
when the latter is somewhat colored. Finally, the operator must not 

fail to determine his limits of error on the different estimations by 

obtaining a series of results under the same conditions, and noting 

his deviations from the average. If the absolute value of the estima- 

tions comes in question, or if accurate comparisons between different 

results are to be made, then the calibration of measuring apparatus 

by the analyst himself must be made. 
In estimating the free acidity, consistent and correct results cannot 

be obtained if the small quantity (5 c.c.) to be titrated and the 

standard solution also are exposed to the air during the process. 

This difficulty is easily overcome by performing the whole process 

under neutral xylol or kerosene; these serve admirably as temporary 

protectives. My experience is that these agents are not permanent 

protectives for the stock solution of NaOH. Ina narrow white por- 

celain dish (crucible) kerosene is placed to the depth of one_ half 

to one centimetre. With a volumetric pipette 5 c.c. of culture 

liquid is taken from the culture jar and placed under the kerosene. 

Some solution of phenolphthalein is added. The necessary volume 

of standard NaOH for neutralization, as shown by the rose color of 
the indicator, is introduced under the surface of the kerosene, the 

liquid being stirred under the latter with a glass rod. The results are 

conveniently stated in millionths, 7. ¢., in 10~ units, of a gram mole- 
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cule of the reagent used per cubic centimetre of culture liquid. Thus 

a certain culture, No. 6 — 3 — 8/1, on the second day after setting 

showed the usual light color and abundant evolution of gas. Upon 

looking through it towards the light, it was seen to be turbid, which 

condition was due to the enormous number of bacteria found by mi- 

croscopical examination to be suspended in the liquid. Five c.c. of 

this liquid required for neutralization 1.2 c.c. of o.o1 m NaOH=1.2 X 

10 °/s =2.4 X 10° gram molecules of NaOH per cubic centimetre 

of culture liquid. It is this value, 2.4, which is used in tabular or serial 

statements to express the acidity of the culture, and it is also of con- 

venient magnitude for use in plotting the curve of acidity. Five c.c. of 

another culture, No. 6 — 3 — 8/2, set at the same time and by the same 

method, required 1.0 c.c. of 0.01 m NaOH = 1.0 X 10°°/5 = 2 X 107° 

gmol. of NaOH per c.c. Upon the assumption, which would approxi- 

mately represent the facts, that all the free acid was H,COs, the fol- 

lowing equation represents the reaction when phenolphthalein is used 

as indicator: 

H,CO, + NaOH (+ phth.) = NaHCO, + H,0. 

From this relation it is evident that in the first culture above esti- 

mated the gram molecular concentration of H,CO; was 2.4 x 10° 

gmol. perc.c. The gram equivalent concentration per C.c. is 2X 2.4 X 

10 = 4.8 x 10-*, and the gram equivalence per 1000 C.C., 7. é., the 

normality of the acid here present, is 108 X 4.8 X 10° = 4.8 X One; 

in other words, the culture liquid is a 0.0048 normal solution of acid. 

A small part of the acid present may be monovalent, ¢. g., lactic 

from fermentation, and this would somewhat reduce the above mag- 

nitude. But from the physiological standpoint it is necessary to 

consider that chemical estimations show the total amount of acidic 

hydrogen that can be produced by the process of titration operating 

upon the total amount of material present. This may be, and in the 

majority of cases is, a very different quantity than the amount of free 

acidic hydrogen, @. ¢., of free H ions which exists in the liquid before 

the process of titration begins and with which the organisms of the 

culture live in contact. It is at this point that physical chemistry 

can add to the data which to a greater or less extent define the 

physiological environment. Of the various methods which may be 

used to determine the ionic hydrogen, I shall select the conductivity 

method for application in the present case. It must be remembered 

that here we are not dealing with a pure solution of H,COs, but that 
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this acid is accompanied by a relatively large quantity (presently to 

be determined) of bicarbonates, ¢. ¢., of salts having a common anion. 

Neglecting the influence of these upon the dissociation of the H,CO; 

until the discussion of the conductivity measurements, it is required 
a 

to find the maximum of ionic H which would exist in the culture if 

it were a pure solution of the H,CO, previously estimated. To do 

eC 

(I1—a)v 

weakly dissociating acid. Walker and Cormack, :00, p. 11, have de- 

termined the value of & = 304 x 10%. The gram molecular dilution 

in litres, v, is equal to the reciprocal of the concentration per litre 

2 a 

this the dilution formula =k is applied, since H,CO, is a 

Svea 10 = 417, Let = vk =e, then ¢ = 417 X 
ie 

304 x 10% = 126.7 x 10%. From which a = 0.0113+, 2. é, about 

1.1 per cent of the total amount of the acidic H, obtained by titra- 
+ 

tion, actually exists as free ionic H. This gives the zoutc concentra- 

tion of H = 2.4 X 10-6 x 0.0113 = 27 X 10-* gmion per C.c. It is 

this magnitude which would become significant if we were trying 

to compare different cultures with reference to their physiologically 

effective acidities. The titrated values alone would be misleading 

for the purpose of such comparison. These observations are by no 

means intended to involve the proposition that the undissociated 

portion of the molecule is physiologically inactive. The problem of 

apportioning the effect between the ionized and the undissociated 

portions of molecules awaits experimental solution. 

Five c.c. of the first culture whose acidity was above described re- 

quired for the neutralization of the methyl orange alkalinity 3.4 c.c. of 

o.o1 m HCl= 3.4 x 10°/5 =6.8 x 10° gmol. per c.c. of HCl. 

The numerical value, 6.8, is used for purposes of comparison and for 

plotting the curve of alkalinity. It is directly comparable with the 

2.4 obtained for the acidity of the same culture at the same time. 

From the qualitative analysis it may be inferred that the following 

are types of the reactions that occur, one for alkaline, the other for 

alkaline earth bicarbonates: 

NaHCO, + HCl (+mthor.) = NaCl + H,CO;. 

Ca(HCOs). + 2HCl (+mthor.) = CaCl, + 2 H,CO;. 

The qualitative examination has shown that the methyl orange alka- 

linity is equal to practically the total salt content, and this quantity 
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becomes especially significant as an indispensable factor for the cal- 

culation of the physical osmotic pressure. But for this purpose it is 

necessary to know at least how much of the salts consists of alkali 

metal compounds and how much of alkali earth compounds. This is 

due to the fact that the value, 7, which expresses the number of the 

dissociated products of a single molecule is involved in van't Hoff’s 

osmotic factor, 4, =1+(#—1)a, and that »=2 for the alkali 

group, and x =3 for the bicarbonates of the alkali earth group. The 

question of the dissociation of the bicarbonate molecules will be 

taken up again presently. Of course a greater approach to accuracy 

in the calculation of osmotic pressure would be possible if the quanti- 

ties of Ca, Mg, etc., were separately determined. These estimations 

are hardly worth making for the little to be gained thereby, unless 

in a given case a specific physiological action of these kations were 

also in question. For the purpose of estimating the alkali group 

directly and the alkali earth group by difference, the following method 

was pursued: 5 c.c. of the same culture liquid whose methyl orange 

alkalinity had been determined upon another portion, was evaporated 

to dryness. The temperature was kept short of charring the organic 

matter and the heating was continued for some time. The residue 

was treated with small quantities of boiling distilled water and the 

solution of alkali carbonate so obtained was filtered hot. The quan- 

tity of water used, including one washing of the filter, should not 

much exceed the original volume of culture liquid. After cooling, the 

methyl orange alkalinity is again found with the same reagents and 

under the same conditions as in the first titration. Since both these 

titrations show the total Na or K content present, regardless of 

whether the carbonates are normal or acid, the second titration shows 

directly how many gram molecules of alkali bicarbonate were present 

in the original 5 c.c. of culture liquid, and the difference between the 

first and second may be taken to represent the amount of alkali earth 

bicarbonate. This method would not be applicable if other alkali 

earth salts than carbonate and bicarbonates were present. In such 

case the method of Hehner, described in Sutton, :04, pp. 70-71, could 

be used to ascertain the amount of alkali earth bases. 

The determinations previously given apply to the first culture above 

described at a very early period in its history. I shall now take data 

from the same culture after it was several weeks old. It had by that 

time shown the characteristic succession of animals later to be 

described, had become again clear with but comparatively few non- 
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encysted bacteria to be seen, and had changed its color to a dark 

brown indicative of a low free acidity. Its acidity without correction 

measured about 0.2 c.c. of o.o1 m NaOH for 5 c.c. of culture liquid, 

and hence was negligibly small. The methyl orange alkalinity and 

the calculations which follow were taken for this culture at this stage 

of its development, because the data will serve both for illustrating a 

general problem of frequent recurrence and also as part of the neces- 

sary data in an experiment upon Paramecia taken from this culture. 

In a subsequent part of this paper dealing with the relation of Pro- 

tozoa to distilled water, the results of the present discussion will be 

again referred to and applied. 

Five c.c. of this older culture liquid required 3.95 c.c. (corrected) of 

0.0102 m HCI for neutralization, using methyl orange as indicator. 

After evaporation for the separation of alkali earth bicarbonates ac- 

cording to the process previously described, the methyl orange alka- 

linity required 1.4 c.c. (corrected) of 0.0102 m HCI for neutralization. 

Let us calculate the gram molecular concentration per cubic centi- 

metre, assuming the type reactions above written (p. 465). For alkali 

bicarbonates the concentration = 1.4 X 102 xX 1077/5 = 2.86 x 10% 

gmol. per c.c. For alkali earth bicarbonates the concentration 

_ (3.95 x 102 X 107") — (1.4 X 102 X 10 7) = 2.6 x 10 gmol. per 

Bex 

c.c. It is to be observed in the type equation for the alkali earths that 

the use of 2 gmol. of HCl shows the presence of only 1 gmol. of 

Ca(HCO,)p. 
Having obtained these data, we are ready to consider the question 

of the osmotic properties of the liquid. As has been previously ex- 

plained, this question is, from the physiological standpoint, a compli- 

cated one, which involves the quantity of each special constituent, 

the complex physical system constituted by the mixture of these in 

solution, and more especially the permeability of the cell walls under 

the simultaneous action of all these constituents. The physiological 

osmotic relations are, in the present state of our knowledge, unap- 

proachable by any method of calculation. Only direct and extended 

experimentation will yield these highly desirable data. But if on the 

physiological side we assume a strictly semi-permeable membrane, 

and on the physical the kinetic theory of gases as applied to solu- 

tions, thus involving the theory of electrolytic dissociation, then we 

can approximately calculate, from the data above obtained, the quan- 

tity which I have called the physical osmotic pressure. In this cal- 
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culation I shall assume that the alkali earth salts are sufficiently alike 

in physical osmotic properties, that this whole group of salts can» 

for purposes of calculation, be treated as if it consisted entirely of 

Ca(HCOg,),. Similarly the alkali earth group will be treated as if 

it consisted entirely of NaHCOs. 

Let the pressure of a gram molecule per litre of a substance in un- 

dissociated condition = ?,,and in condition of dissociation = P. Com- 

parison of different substances belonging to the two classes shows that 

P for electrolytes, such as we are dealing with, is greater than Py, and 

the ratio = has been called = 7, and the application of the theory 

0 
of electrolytic dissociation to these cases has developed the formula 

i=1+(#-1) ain which x = the number of the dissociated prod- 

ucts of a molecule, and a = the fraction of the total number of 

molecules which have dissociated. In the culture medium above 

titrated we have for the total salt content P, = (2.86 + 2.6) xX 10°= 

5.46 10-8 gmol. per litre. Since one gram molecule in 22.4 litres ex- 

erts a pressure of one atmosphere Py = 22.4 X 5.46 X 10 %=0.122 atm. 

In order to find the desired quantity P, we must have z, and for this 

the value of a must be known. Let us assume for the moment that 

the dissociation of both salts is practically complete, z.¢., that —a. 

and that for NaHCO,, z= 2, for Ca(iCO;)),. 43 eee for 

NaHCO,, 7=2, and for Ca(HCOs),, 7=3- Hence for NaHCO, 

P=2 x 2.86 X 10 X 22.4=.128 atm. For Ca(HCOs),, P=3 X 

2.6 X 10 X 22.4=0.175 atm. The total P=0.128 + 0.175 =0.303 

atm., which is the physical osmotic pressure as previously defined and 

under the above assumptions. As will be shown directly, these pres- 

sures are greater than the theoretically correct values. 

Evidently a is the most significant quantity involved in the deter- 

mination of the osmotic pressure, and I shall describe the method 

by which @ was obtained from data of electrical conductivity. We 

may make a digression here to discuss one other method, that for the 

determination of the depression of the freezing-point, which might 

also be used for the same purpose when the molecular concentration 

as here found by titration is known. By this method we would get a 

depression of 1.85° for 1 gmol. in 1 litre, or a for 1 gmol. in 22. 

litres, and this would be the depression corresponding to a concen- 

tration which would give an osmotic pressure, P = 1 atm. Since an 

ion and a molecule give the same depression, the 0.303 atmospheres 



Chemical Studies on the Cell and tts Medium. 469 

which we have above found to be the maximum physical osmotic pres- 

sure, would give a depression = 0.303 x 1.85°/22.4 = 0.025° C. This 

small range on the temperature scale represents the total concentra- 

tion, which on the conductivity scale is represented by 642 + of 3 Fr 

units (reciprocal ohms). The sensibility and accuracy of the latter 

method greatly exceed that of the cryoscophic method, at any rate 

under the conditions of the ordinary use of both methods. The de- 

pression of the freezing-point has the advantage of giving the value 

of a more directly than calculation from conductivity data. 

In calculating the value of a I shall regard the medium as consist- 

ing of the known molecular concentrations above found of the weak 

electrolytes NaHCO, and Ca(HCO,),- Other electrolytes are not 

present in appreciable concentration, and the amount of free H 

acidity is very near the phenolphthalein neutral point as previously 

observed. We have then practically a system composed of NaHCO, 

and Ca(HCO,), in solution in H,O and in a condition of equilib- 

rium. We desire to obtain the a value for the salts when they are 

constituents of the system, This we shall attempt to obtain by the 

application of the law of mass action. In the process we shall need 

at least for comparison the a values of the respective pure aqueous 

solutions of the salts. These values are to be found directly given, 

or they can be interpolated in the tables or calculated from the data 

of Walker and Cormack, :oo, and from Kohlrausch und Holborn, ’98. 

By titration with methyl orange we have found the gram atomic 

concentration of Na= 2.86 x 107° per c.c.=1 gram atom in 350 litres, 

i. ¢., the dilution v=350. By interpolation in the table of conduc- 

tivities of NaHCO, given by Walker and Cormack, :00, p. 10, and 

by using 79.5 as given by these authors as the conductivity of 

NaHCO, at infinite dilution, we obtain fi = zAtT = 94.0 per cent 

=a. For Ca(HCO,), we have found the concentration of Ca= 

2.6 X 10° per c.c.=1 gram atom in 385 litres, ¢. ¢., the dilution v= 

385. For Ca(HCO 3), no table of directly given conductivities was 

available. The conductivity # (Siemens units) of Ca( HCO )q at 

v= 385 and also at infinite dilution was derived from partial values, 

i.c., from the ionic conductivities of the respective ions at these 

respective dilutions. Walker and Cormack’s value, 38, was used for 

the ionic conductivity of HCO, at infinite dilution. To obtain HCO, 

at v = 385, the molecular conductivity # for v= 385 was interpolated 

in Walker and Cormack’s table for the conductivity of NaHCOg,, and 
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from this was subtracted the ionic conductivity of Na at v=385, 

The latter value was taken by interpolation from Kohlrausch und 
Holborn, ’98, p. 200, the value of A being reduced tow. Thus was 

found NaHCO, — Na= 74.95 — 38.6 = 36.35 =m for HCO, at v= 385. 

In an entirely analogous manner the ionic conductivities of Ca at 
v = 385 and at infinite dilution were obtained. For this purpose the 

tables of Kohlrausch und Holborn, ’98, p. 161, for CaCl, and p. 200 
for Cl were used, although the value of Ca could as well have been 

taken from the table of ionic conductivities on p. 200. The values 

of A were reduced to w. Thus was found w at v= 385 for CaCl, — 

Cl, = 199.8 — 118.4=81.4=p for Ca at v=385. Then pw at v=385 

for Ca + (HCO ), = 81.4 + 72.7 = 154.1 = w for Ca( HCO), at v = 

385. The ionic conductivity of Ca at infinite dilution was taken from 
Kohlrausch und Holborn, ’98, p. 200, A being reduced to yw, giving 

Ca=99.71. Thus » for Ca(HCO,), at infinite dilution =Ca+ 

BK, 154.1 Se S77) VE 
Be 175-7 _ 

(HCO;),=99.71+ 76=175.7. We now have 

cent=a. 

We may now consider the conditions which prevail in this system. 

It is well known that when substances like NaHCO, and Ca(HCOs3)q 

are dissolved in H,O a reaction known as hydrolysis occurs between 

these salts and the water. The result is that only a portion of the 

salt originally placed in the water remains as such, the remainder 

being distributed under the form of other compounds. Jn the con- 

sideration of the present system it is therefore necessary first to study 

the question of the hydrolytic decomposition of the two salts. The 
methyl orange titrations previously made show the total gram atomic 

content of Na and Ca with which one could have made the actual 

solution that constitutes the culture liquid here considered. Accord- 
ing to McCoy :04, pp. 4. and 5, the hydrolysis of NaHCO, is represented 

by the ¢wo following reactions: 

(1) NaHCO, + HOH — NaOH + H(HCO;) 

Cy 8 4 1 

(2) NaHCO, + NaOH < HOH + Na,CO, 

Cy Gy C2 Ke 

Let the equilibrium constant of (1) be represented by Kj, of (2) 
by K,, and of the system composed of (1) and (2) by K,. By apply- 

ing the law of mass action McCoy developed the following relations: 
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He found the value of K=5320. He found that “in a decinormal 

solution made from solid bicarbonate and water in such a way that no 

carbon dioxide is allowed to escape” the hydrolysis amounts to 2.68 

per cent (l.c. pp. 12-13). 

Walker and Cormack, :00, p. 9, also investigated the amqunt of 

hydrolysis of NaHCO, in pure solution, by reducing the hydrolysis 

by the addition of a solution of carbonic acid, as recommended by 

Bredig, and found “ that the extent of hydrolysis of sodium hydrogen 

carbonate would not exceed a fraction of a per cent, even at the 

greatest dilution we investigated.” The a value above obtained for 

a pure solution of NaHCO, may therefore be taken as practically 

correct for the dissociation of NaHCOg, even for the supposition that 

no hydrolysis occurs. 

We may now consider the hydrolysis of Ca(HCO,),. If the re- 

actions are of the same nature as those McCoy has described for 

NaHCO,, we would have the following relations: 

(3) Ca(HCO;), + 2 HOH = Ca 2 OH + 2 H(HCO;) 

5 Cy Cy 5 

(4) Ca(HCO,). + Ca 2 OH — 2 HOH + 2 CaCO; 
G Ce Cs Xe 

From the law of mass action we would obtain the following relation 

for a pure solution of Ca(HCO,), in H,O: 

Ce Ky 2 

GAGE Ey 8 
The entire system of relations containing the simultaneous con- 

ditions of equilibrium represented by reactions (1), (2), (3), and (4) 

can be deduced from the law of mass action, and is expressed as 

follows : 
Ceo Ge oie _ 
as = a = 
GaSe Cc? ike 

For want of the experimental data for Ca(HCO,), as represented 

in (3) and (4) we cannot solve the equation for Kj). 

For our purpose, which is in part to determine the osmotic pressure 

from the amount of molecules and ions and in part to gain a con- 

ception of the complexity of the biological factors represented by the 

molecules and ions, it will be necessary to consider also the ioniza- 

tion of the products of hydrolysis. Besides the four main equilibria 
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represented in reactions (1) to (4) there will exist at least eleven 

others as, follows: 

(5) NaHCO; — Na + HCO,! 

(6) Na,CO, < Na: + NaCO,! 

(7) H(HCO;) < H: + HCO,’ 

(8) NaOH < Na: + OH! 
(9) HOH — H:+ OH! 

(10) Ca(HCOs)2 < Ca(HCOs)* + HCO,! 

(11) CaCO; Ca COW 

(12) Ca 2 OH &— Ca: + 2 OH! 

(13) HCO,! — H: + CO," 

(14) NaCO,! <> Na: + CO," 

(15) Ca(HCO;)* <= Ca: + HCO! 

The constants required by the law of mass action are known for 

most of these, but I am not aware of values for the constants of (10) 

and (15) and of (6) and (14). If we may neglect hydrolysis, the 

system of relations becomes at once simpler and can be more easily 

solved for the amount of each of its kinds of particles. From what 

has already been said, the amount of hydrolysis is probably small. 

The ionization of NaHCO, without appreciable hydrolysis may be 

considered comparable to that of NaNO. The latter solution when 

at the same concentration as the NaHCOs, i. é., V = 350, has an a value 

of 95.2 per cent, as determined from a table for NaNO, constructed 

from data in Kohlrausch und Holborn, ’98, p. 200. As above de- 

scribed, Walker and Cormack found 94.0 per cent for a solution of 

NaHCO . Likewise the ionization of Ca(HCO,), without hydrolysis 

may be considered comparable to that of Ca(NO,), at the same con- 

centration, which is v= 385. From Kohlrausch und Holborn’s tables 

we obtain 89.1 per cent=a- For an actual solution of Ca(HCOs;) 

we have above found, by a method of interpolation, a= 87-7 per cent. 

We shall treat the system without reference to hydrolysis and shall 

adopt a for NaHCO,;=94.0 per cent, and a for Ca( HCO ), = 89.0 

per cent. 

Without hydrolysis we would have a system composed of the two 

weak electrolytes NaHCO, and Ca(HCOs;), dissolved in water. A 

portion of each salt will be ionized until equilibrium is established 

and the two equilibria so produced exist simultaneously. It is prob- 

able that Ca(HCO,). ionizes in two stages as follows : 

Ca(HCO,)2 <2 Ca(HCO;): + HCO,! 
Ca(HCO,) <2 Cas: + HCO,! 
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The calculation of the ionic concentrations involved here, accord- 

ing to the law of mass action, would require certain constants. It is 

probable that at the dilution in question, 7. ¢., v= 385, the formation 

of the Ca(HCO,): ion may be disregarded for approximate results. 

Not having the necessary constants, we shall treat the system as if 

one reaction represented the ionization of Ca(HCO;).. The system 

may then be represented as follows: 

NaHCO, = .00286 gmol. per litre... Vi = 350 

Ca(HCOs;)2. = .0026 gmol. per litre... Ver a05 

a For NaHCO; = a; = -94 

a For Ca(HCO,)2 = a2 = -89 

NaHCO, < Na: + HCO,’ Se ay" a 

a b SoG 
Ca(HCO;). — Ca* + 2HCO,! ek aa BD 

7. 3 x haa — G =e Ve .0000426 

For K,, I have used the formula as given by Mellor, :04, p. 193 

(cf. Ostwald, ’99, p. 408). Since the undecomposed NaHCO, and 

Ca(HCOs)., %. ¢., @ and @ must stand in equilibrium with all the 

HCO, ions present in the system, 7. ¢., ¢y + ¢, regardless of which mole- 

cule produced them, we may write c=c,+¢,. Furthermore we shall 

adopt one litre as the volume of the system. Hence the letters a, 4, 

c, d, eé, represent the actual concentrations of their respective sub- 

stances in gram ions or gram molecules, 7.¢., in mols. Direct appli- 

cation of the law of mass action gives two equations from the two 

equilibria, the necessary equality between all the kations and all the 

anions gives a third, and the known concentrations of each salt give 

two more (cf. Ostwald, ’99, pp. 415-416). These equations are as 

follows: 

(1) bc= Kye (2) ee? = Kyod (3) c=d+e 

I I 

4 a+s6= — f+e= (a) ss () d+e= Fe 

When a distinction between c, and c, was observed in the statement 

of the equations, difficulties arose and the attempt was abandoned. 

Solution of the above system of equations gives the following values: 

¢=.00285, b= .00271, @=.00015, e=.00216, d=.00044. These 

values make a for NaHCO, under the conditions of the system = 98.6 

per cent, and for Ca(HCO,),= 83.1 per cent. According to the 
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above values the total concentration of mols in the system is a + 6 

¢+ad + e= 00831, and the concentration of undissociated mols re- 

quired to produce the system = .00286 + .0026= .00546. Hence the 

7 value required to find the physical osmotic pressure is 831/546= 

1.52=P/P,, previously defined (p. 468). This value has no claim to 

accuracy, but it is probably a fair approximation. 
In this connection we may consider the results obtained from the 

measurement of another one of the physical properties of the same 

culture liquid which has just been under discussion. The electrical 

conductivity of this medium was determined by the Kohlrausch 
method on the same date when the data for the preceding calculation 

were obtained. We are therefore able to compare calculated and 

observed conductivities. Having above found for both constituents, 

m (= a) under the conditions of the system, and knowing #,, for both, 

we have all the data necessary for calculating the theoretical conduc- 

tivity. The values we have used are expressed in Siemens units, and 

we desire to convert them to reciprocal ohms to correspond with the 

denomination of the results obtained by actual measurement. We 

apply the formulas p, = m w,, A= mw, 1.063, and x=Ay. For com- 

parison of units see Kohlrausch und Holborn, ’98, p. 4. We thus 

obtain for the NaHCO,, n = 238 x 10%, and for the Ca( HCOg),, 7 = 
404 X 10°. The sum of both gives total 2 = 642 x 10°. The above 

calculations are all based on 7 = 18°C., and the actual measurement 

of the conductivity of the culture liquid at this temperature gave 7 = 

OAs Om. 
The total salt content, ¢. ¢., the total ash, is a quantity which gives 

so little information regarding the culture liquid itself, and its deter- 

mination is subject to so much inaccuracy (volatilization, cf. Hoppe- 

Seyler, :03, pp. 391-394, especially pp. 409-410) that the result for 

our purpose is scarcely worth the necessary effort. It is a quantity 

which presumably would not vary much in the same culture, but 

might sometimes be useful for the comparison of different cultures. 

One objection to these estimations, from our point of view, is that they 

include the mineral matter of both the organic and inorganic constitu- 

ents of the original liquids, and there is no method of separating these, 
In any case, for rapidity and uniformity of results the processes of 

mineralization in the wet way, by A. Neumann, :00, :02, :05, should 

be followed, as described in Hoppe-Seyler, :03, pp. 393-394. I have 

found it practicable to perform the operation upon 5-10 c.c. of culture 

liquid contained in a 50 c.c. to 100 c.c. porcelain crucible, which had 
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been weighed, and which during the process was kept nearly closed 

by the inverted cover of the crucible. The liquid was treated by 
slow additions of small quantities (drops) of a mixture of equal 

volumes of concentrated H,SO, and HNO, and was heated cau- 
tiously. When the mineralization is complete the clear and light- 

colored liquid is evaporated, and the residue is dried and weighed in 

the crucible. In this manner was obtained, from 5 c.c. of the culture 

liquid with which we have been dealing, a residue = 0.0083 gm. 

I regard the total salt content as a quantity of much less importance 

than the several amounts of different salts or radicals which can be 

obtained by the use of special methods for each constituent. The 
preliminary qualitative examination serves as a guide to show which 

of these need be sought quantitatively. There will be most frequent 

use for the estimation of Cl, and this I have done by the Volhard 

method, using the standard solutions prepared as previously described. 

The use of a perforated porcelain funnel upon which a layer of fine 
asbestos was prepared, and in connection with a filter pump attached 

to the water supply, greatly expedited the removal of AgCl as required 

in this method. The amount of Cl in 5 c.c. of the above culture 

liquid was found to be equivalent to 0.2 c.c. of a 0.01 n AgNO, solu- 
tion. Hence the Cl =0.2 x 107°/5 =0.4 x 10-* gmat. per c.c. 

We pass next to the determination of the oxygen consumed. The 

meaning and limitations of this determination are well stated by 
Rideal, :o1, pp. 31-34. The absolute values obtained have no uni- 

form significance, but when the process is performed under the same 

conditions and upon materials that are qualitatively comparable, ¢. g., 
hay infusions, the results may be regarded as giving at least some in- 

dication, but by no means an accurate measure, of the amount of easily 
oxidizable organic matter. I have performed the process essentially as 

described by Rideal, :or, pp. 32-33, except that I permitted the action 

of the permanganate to continue fifteen minutes at room temperature. 

Thus 5 c.c. of the same culture liquid as has been used in the other 

previously described measurements showed, under these conditions, 

a loss of 1.6 c.c of a 0.012 m Na,S,O, solution. In conformity with 
our general scheme we desire to express this in 10 * gm. of oxygen 

per cubic centimetre of culture liquid. Equations for the above 

process show that 2 KMnO, = 5 O = 101 = 10 Na,S,QO,, 7. e., 1 gmol. 

of Na,S,O, used represents 8 gm. O. Hence 1.6c.c. of 0.012 m Na,S,O, 

represents 1.6 X 12 X 10 ® X 8/5 = 30.7 X 10 ° gm. O consumed 

per c.c. of culture liquid. 
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The method used to obtain the free and saline ammonia, and the 

total organic nitrogen (including the ammoniacal nitrogen) have 

been sufficiently described in connection with the description of the 

preparation of standard solutions. 5 c.c. of the same culture liquid 

with which we have been dealing, when operated upon in the manner 

referred to, was found to have a content of total organic nitrogen 

—12 x 10 § gm. N/c.c., and of ammoniacal nitrogen = 1.8 Xx 16 

gm. N/c.c. 

The entire collection of data which have been obtained from this 

culture No. 6 — 3 — 8/1, by both direct observation and by calcula- 

tions based thereon, is recorded in the following table. The deter- 

minations marked * represent the quantity of reagent used, not that 

of the substance estimated, the complete identity of which was in 

such cases not certainly determined. The significance attached to 

the numerical results appears in the preceding discussions. 

CULTURE No. 6-3-8. 

Age. 2 days. 14 days. 

*Phth: Ac, ©. « « » 2-4 X Rom emol/c.c; 

ISHGON ahs Gaciadiemoe a. eke ro © gmol./c.c. 

Ionic H ses se es BO X TOs” Emion/c.c. 

*Mthor. Alk. . . . . . 6.8 X 107° gmol./c.c. 

Phi: Nee. Ors! a, oS Re eee eee 

“IN NS SODS MADE oO on 0 oo 0 oO ¢ 8.06 X 10~® gmol./c.c. 

es {Co C@ale: fr. Bicarb: ememee- saree 8.06 X 107° gmol./c.c. 

Atle wBicarbs, os ew) @ so) i c- RCREeR MCR nC 2.86 X 10~* gmol./c.c. 

afor Alk.Bicatbe oa cc) s+ sienna er OSOnae 

Alk. arthyBicatbs «=| «,\.-1 enone nu 2.6 X ro~® gmol./c.c. 

a for Alk. Earth Bicarb. .... . sue = «© = =» 83-09%: 

TOtalil/Ao we ctaeske ec’ he Ye) oe 0.186 atm. 

Electr: Condssi@bsen «(= i: /suNeRenn O48 8x to-° r/ohm. 

“t « Cale ff, Bicarbs. . . Gases = = 042. 00min oles 

Sulphated Ash per5 ce. - + +» + © © = = 0.0083 gm. 2 

(6) etree char ph cleo a "Ow 6. 0.4 X 107* gmat./c.c. 

O consumed 

Total Organic N . 

Ammon. N. 

30.7 X 10-* gm./c.c. 
12.0 X 10 ° gm./c.c. 
1.8 X 107° gm./c.c. 

In the next following part of this paper will be described the re- 

sults obtained in the study of cultures under continuous observation, 

and of which the biological record was simultaneously obtained. 
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THE RELATION OF THE NORMAL HEART RHYTHM TO 

THE ARTIFICIAL RHYTHM PRODUCED BY SODIUM 

CHLORIDE. 
By A. J. CARLSON. 

[From the Hull Physiological Laboratory of the University of Chicago.) 

il. 

HE experiments here recorded were undertaken primarily with 

the view of determining what part, if any, the intrinsic nervous 

tissue in the heart takes in the production of rhythm in parts of the 

heart not normally automatic when immersed in an isotonic sodium 

chloride solution. The fact that curarized skeletal muscle twitches 

more or less rhythmically in a pure sodium chloride solution suggests 

that the rhythm produced by this same chemical in non-automatic 

parts of the heart is idio-muscular. But it is also possible that the 

local nervous plexus in the heart strips is involved in the artificial 

rhythm, and this may account for the fact that the rhythm of isolated 

heart strips in sodium chloride approaches in regularity more closely 

to the normal heart rhythm than does the sodium chloride rhythm 

of skeletal muscle. This question cannot be attacked directly in the 

vertebrate heart, because the nervous and the muscular tissues can- 

not be separated for the necessary experiments, let alone the fact 

that the function of the intrinsic nervous tissue in the vertebrate 

heart is still, at least according to some physiologists, an unsettled 

question. 

None of these difficulties confronts us in the Limulus heart. The 

function of ganglion and the nervous plexus in this heart is no 

longer a matter of controversy. The two tissues can be isolated so 

that the action of a chemical on either tissue may be accurately 

studied apart from that on the other. And finally, a pure sodium 

chloride solution (isotonic) produces, to all appearance, the same 

type of transient rhythm in the non-rhythmical part of the Limulus 

heart as in the classical strips from the apex of the vertebrate heart. 

For these experiments the Limulus heart is prepared as shown in 
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diagram B (Fig. 1). The median dorsal nerve cord or ganglion is ex- 

tirpated for the whole length of the heart. The heart is transsected 
in the middle of the second and the third segments, and the inter- 

vening part removed, thus leaving the anterior and posterior ends of 

the heart connected by the lateral . 
nerves or rather nerve plexus 

only. Both ends of the heart 
can now be suspended in sepa- 

rate chambers for graphic regis- 

tration, and either end immersed 

in sodium chloride while the other 

end is bathed in plasma or sea 

water. It has been shown in a 

previous paper in this journal 

that most of the fibres of the lat- 

eral nerve plexus in the middle 
Ficure 1.— Diagrams to illustrate the prep- 

aration of the Limulus heart for study- 

region of the heart are motor 

fibres to the muscle of the ante- 
rior segments. Hence, if the 

posterior end of the preparation 

(B, Fig. 1) is placed in sodium 

chloride, the anterior end re- 

maining in plasma, the anterior 

end would begin to beat in-syn- 
chrony with the artificial rhythm 

of the posterior end, provided the 

solution produced a rhythm in 

the lateral nerve plexus directly 

or in case the idio-muscular 

rhythm was in some way com- 

municated to the nerve plexus. 

Some experiments were also 

ing the relation of the sodium chloride 
rhythm to the normal rhythm. Dorsal 
view of the heart. Diagram 4, ganglion 

extirpated in the first three segments, and 
part of the second and third segments 
removed, leaving the two ends of the 

heart connected by the lateral nerves. 
Anterior end is immersed in the sodium 

chloride, while the posterior end is kept 
in plasma or sea water. Diagram 8, 

heart prepared as in 4, with the ex- 

ception that the ganglion is extirpated 
throughout its whole length. Prepara- 

tion used for studying the relation of the 
nerve plexus to the sodium chloride 

rhythm. Diagram C, preparation of the 

first two heart segments and the lateral 
nerves for studying the changes in the re- 
sponse of the muscle to stimulation of 
the nerves during the sodium chloride 

rhythm. 

made with a preparation similar to that shown in diagram C (Fig. 1), 

the lateral nerve plexus on both sides being isolated from the middle 

of the second to the fourth or fifth segment and placed in the sodium 
chloride solution. If the sodium chloride produces rhythmic activity 

in the nerve plexus, the anterior end of the heart would begin to 

contract rhythmically in the plasma or sea water bath. 

I desired, in the second place, to study the changes in the response 

of the heart muscle to the normal stimulus produced by the sodium 
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chloride in developing the rhythm in the ganglion free part of the 

heart. So far as I know, this has not yet been done, despite the 

numerous researches on artificial rhythm in the vertebrate heart, but 

the question is now being investigated on the vertebrate heart in this 

laboratory by Professor Lingle. The Limulus heart lends itself ad- 

mirably to an accurate study of this question. The heart prepara- 

tions made use of for these experiments are illustrated in diagrams A 

and C(Fig.1). The preparation 4 is arranged for simultaneous trac- 

ings from the two ends of the heart, and the plasma or sea water in 

the chamber containing the anterior end replaced by 757 sodium 

chloride. In such a preparation the anterior end beats in synchrony 

with the posterior end, while the sodium chloride rhythm is being 

developed in the former. In the tracing from the posterior end we 

have acheck on the rhythm of the ganglion so that the changes in 

the amplitude or rate of the contractions of the anterior end can be 

traced directly to the action of the sodium chloride. 

The preparation in diagram C was used as follows. The muscle 

was immersed in the isotonic sodium chloride solution, and the iso- 

lated lateral nerves placed in a watch glass filled with plasma. From 

time to time the nerves were lifted out of the solution and stimulated 

by induction shocks, and the variation in the muscular response dur- 

ing the different phases of the sodium chloride rhythm recorded. 

Il. 

When the dorso-median nerve cord or ganglion has been removed 

from the heart, the intrinsic nerve plexus takes no part in the rhythm 

produced by immersing the heart im isotonic sodium chloride. This is 

shown by the following experiments. 1. By placing the lateral 

nerves of preparation C (Fig. 1) in the sodium chloride, and leaving 

the muscle part in plasma or sea water, no rhythm is produced in the 

anterior end. 2. When the posterior end of preparation B (Fig. 1) 

is placed in sodium chloride and the anterior end in plasma or sea 

water, the rhythm developed in the posterior end never affects the 

anterior end, despite the fact that the lateral nerves connecting the 

two ends of the heart remain intact and capable of functioning. It 

is therefore evident that the rhythm produced by sodium chloride in 

the ganglia free heart is idio-muscular, and that this idio-muscular 

activity does not affect the superficial nerve plexus after the ganglion 

has been removed. Furthermore, the sodium chloride is not able to 
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produce a rhythm in the dorsal nerve plexus in the absence of the 

ganglion. 

In a previous paper in this journal I have shown that an isotonic 

solution of sodium chloride may inaugurate a transitory rhythm ina 

quiescent heart ganglion of Limulus. The latent period of the gan- 

glionic rhythm in sodium chloride is much shorter than that of the 

heart muscle. In fact in some preparations the ganglionic activity 

in sodium chloride has run its course before the idio-muscular rhythm 

appears, so that there is a definite pause between the neurogenic and 

the myogenic rhythm. In other preparations the ganglionic and the 

idio-muscular rhythm may overlap. The ganglion continues in ac- 

tivity for a while after the idio-muscular contractions have begun, but 

the latter invariably persist much longer than the former. 

Ill. 

As shown by the response of the heart muscle to electrical stimu- 

lation of the lateral nerves, there is a gradual increase in excitability of 

the heart muscle immersed in an isotonic sodium chloride solution up to 

the time when the idio-muscular contractions appear. The heart muscle 

not only responds to the same stimulus with contractions of increas- 

ing amplitude, but shortly before the idio-muscular rhythm begins, 

the heart muscle may respond with two or three contractions to the 

same stimulation of the lateral nerves that called forth only one con- 

traction at the beginning. In several experiments the electrical 

stimulation of the lateral nerves after a bath of the muscle in sodium 

chloride for 35 to 45 minutes actually started the idio-muscular 

rhythm. The heart muscle continues to respond to the stimulation 

of the lateral nerves for some time (20 to 40 minutes) after the in- 

auguration of the rhythm, but towards the end of the rhythm the 

stimulation of the lateral nerves has no effect, although the heart 

muscle is affected by direct stimulation. 

The changes in the heart muscle leading up to the sodium chloride 

rhythm are therefore in the direction of increased sensitiveness to the 

normal stimulus, but the heart muscle can also contract rhythmi- 

cally in sodium chloride when in such condition that it can no longer 

respond to the normal stimulus. The same will probably be found 

to be true for skeletal muscle in the vertebrates. For the vertebrate 

heart it must be left undecided till we have succeeded in separating 

the two tissues for experimental purposes. 
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IV. 

The heart muscle immersed in an isotonic sodium chloride solu- 

tion continues to respond to the normal impulse or stimulus to the 

rhythm reaching it from the ganglion through the lateral nerves jor 

some time after the idio-muscular contractions have developed, but 

W/V ee 
NII 

Ficure 2.— One-half the original size. Simultaneous record from the two ends of the 

Limulus heart, prepared as shown in diagram 4, Fig. 1. Upper tracing from anterior 

end, forty minutes after immersion of the anterior end in yy NaCl. Showing de- 

velopment of the sodium chloride rhythm while the muscle still responds to the 

nervous impulses from the ganglion through the lateral nerves. 

towards the end of the sodium chloride rhythm the heart muscle no 

longer responds to the normal stimulus just as it fails to respond to the 

artificial stimulation of the lateral nerves. The preparation used in 

these experiments is that represented in diagram A (Fig. 1), the an- 

terior end being immersed in the sodium chloride solution. Under 

these conditions the normal rhythm is superimposed on the artificial 

rhythm for a while. The appearance of the tracings of this composite 

rhythm is very variable, depending on the regularity, or rather ir- 

regularity of the idio-muscular contractions. In rare instances the 

idio-muscular contractions were strong and fairly regular from the be- 

ginning, in which case the rate of the rhythm of the anterior and the 

posterior end of the heart usually presented the ratio of two or three 

to one. A typical record of this type is reproduced in Fig. 2. The 

upper record is from the anterior end. The neurogenic or stronger 

contractions are superimposed on the idio-muscular or weaker con- 

traction. The rate of the latter rhythm is nearly the same as that of 

the former at the stage of the experiment represented on the tracings, 

but such a regularity is not long maintained, as the idio-muscular 

contractions become more rapid and irregular before the final cessa- 

tion of the rhythm, In Fig. 3 is reproduced the most common form 

of this compound rhythm. By close inspection of the upper record 

it will be seen that the sodium chloride contractions start as a rapid 

series of more or less rhythmical twitches or beats, on which the 

normal or neurogenic rhythm is superimposed. The former increases 
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in strength and then tends to obscure the normal rhythm, but the 

latter can be plainly made out by artificially accelerating the gangli- 

onic rhythm as well as by abolishing the former. This is rapidly ac- 
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FicurE 3.— About one-third the original size. Simultaneous tracings from the two ends 

of the Limulus heart, prepared as in diagram 4, Fig. 1. Upper tracing from anterior 

end, immersed in ;°;2 NaCl. Showing the normal rhythm superimposed on the 

idio-muscular sodium chloride rhythm. X = acceleration of the normal rhythm by 

mechanical stimulation of the ganglion on the posterior end. xX’ =the yi; NaCl 

surrounding the anterior end replaced by plasma, showing the quick cessation of the 

sodium chloride contractions as well as depression of the neurogenic contractions. 

complished by replacing the sodium chloride by plasma or sea water, 

as shown on the right-hand side of Fig. 3 at A”. 

When after development of the idio-muscular rhythm, the sodium 

chloride is replaced by plasma or sea water, not only are the tdto-muscu- 

B 
X a a 

Ficure 4. — Tracings from the anterior end of the Limulus heart prepared as in diagram 

A, Fig. 1, after forty minutes immersion in 74; NaCl. The contractions in B are the 

normal or neurogenic rhythm, in 4 the sodium chloride rhythm. = the sodium 

chloride surrounding the anterior end replaced by plasma. @= stimulation of the lat- 

eral nerves by a weak interrupted current showing depression of the normal rhythm 

by plasma after a previous bath in an isotonic sodium chloride solution, despite the 

fact that the ganglion on the posterior end of the heart is active, and the lateral 

nerve able to conduct. 

lar contractions quickly abolished, but the heart muscle may for a time 

cease to respond to the normal stimulus from the ganglion. The ante- 

rior end of the preparation (diagram 4, Fig. 1) thus comes to a com- 

plete standstill for a longer or shorter period until the normal rhythm 

is resumed. The striking thing about this cessation of the response to 

the normal stimulus is this, that on electrical stimulation of the lateral 

nerves the heart muscle can still be made to contract although it does 
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not respond to the nervous impulses from the ganglion. Escape of 

the current directly to the muscle was guarded against. The fact 

that the muscle contracts on stimulation of the lateral nerves shows 

that the nerves and nerve endings remain functional. The heart 

muscle contracts also on direct stimulation. The failure of the 

normal stimulus to produce con- 

tractions is therefore difficult to 

explain, except on the assump- 

tion that the electrical stimula- 

tion of the nerves gives rise to 

b nervous impulses of so much 

greater intensity than those com- 

ing from the ganglion that in this 

state of reduced excitability the 
Ficure 5.—Tracings from the anteriorend myscle responds to the former 

of the Limulus heart, prepared as in dia- hut uot tothe dattce 

gram C, Fig. 1. The muscle part im- 

mersed in an isotonic solution of sodium 

chloride. a, 4, c, stimulation of the lateral 

nerves by the same strength and duration 

of the interrupted current at fifteen-minute Theale Reh jen 

intervals. Showing increased response of e Limulus heart muscle 1m- 

the heart muscle to stimulation of the lat. mersed in an isotonic sodium 

eral nerves with the length of time of im- e¢hloride solution exhibits the fol- 

mersion in the sodium chloride solution. lowing changes in tonus.. Whe 

the heart muscle is completely isolated from the ganglion, there is 

a gradual lengthening of the muscle in the sodium chloride up to the 

time when the idio-muscular contractions appear. It is not clear to 

me whether this lengthening is an actual tonus relaxation or merely 

a passive response to the pull of the light recording lever. As the 

contraction begins there is a gradual increase of the tonus till the 

end of the rhythm. During the latter part of the rhythm tonus 

waves usually appear on the records simultaneously with the funda- 

mental contractions, and the former usually persist for some time 

after the latter have ceased. With the cessation of the more rapid or 

fundamental rhythm, the heart muscle begins to lengthen again. 

The tonus rhythm may persist for a while during this relaxation 

process. When the preparation is transferred from sodium chloride 

to plasma or sea water, the tonus is rapidly diminished as the idio- 

muscular rhythm disappears. 

a 

V. 
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VI. 

It has been shown in a previous paper in this journal that in 

the Limulus heart the conduction takes place in the nerve plexus and 

not from muscle cell to muscle cell. The proof of this is conclusive. 

We have now, furthermore, seen that the sodium chloride rhythm is 

idio-muscular and that the nerve plexus (minus the ganglion) takes 

Ficure 6.—Tracings from ganglion free segments of the Limulus heart immersed in 

yfs # NaCl, showing some types of the idio-muscular sodium chloride rhythm. 

no part in it. In view of these facts it is significant that the sodium 

chloride rhythm may closely approach the regularity of the normal 

rhythm, because such a regularity involves practically the simultane- 

ous contraction of all the muscle cells in the preparation. How is 

such a co-ordination effected in the Limulus heart in the absence of 

conduction from muscle cell to muscle cell when the tissue that nor- 

mally serves to correlate the activity is not involved? 

It is in a very few+ preparations, however, that such a regular 

sodium chloride rhythm is obtained. In the majority of the prepara- 

tions the rhythmical twitchings are quite as irregular as the corre- 

sponding contractions of skeletal muscle, and in the preparations 

exhibiting the greatest regularity of the contractions it is invariably 

superseded by inco-ordination and irregularity before cessation of the 

activity. The sodium chloride rhythm may begin with a perfectly 

regular and gradually augmented series of beats which finally pass 

into a state of inco-ordination. It may begin by irregular and inco- 

ordinated twitchings and change for a brief period to a regular co- 

ordinated rhythm involving simultaneous contraction of all parts of 
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the preparations to again be superseded by inco-ordination. Or, 
thirdly, the sodium chloride rhythm of a preparation may be irregular 

throughout its whole course. Typical tracings of these different 

forms of the sodium chloride rhythm are represented in Fig. 6. 

The irregular rhythm requires no special explanation, as that type 

of activity is what is to be expected under the circumstances, but the 

presence of an to all appearance perfectly regular rhythm under these 

conditions is more difficult to account for. There appear to be only 

two alternatives. Either the sodium chloride alters the muscular 

tissue so that a wave of contraction can be conducted from muscle 

cell to muscle cell, a process which does not occur normally in this 

heart; or the co-ordination is effected by means of an intercellular 

nerve plexus so related to the dorsal or superficial plexus connecting 

the ganglion with the heart walls that the impulses do not pass from 

the former to the latter. These suggestions are, of course, only work- 

ing hypotheses. My observations so far rather tend to discredit the 
second alternative, but it must at the same time be admitted that we 

have no direct evidence of the truth of the first, either for the Limulus 

or the vertebrate heart. We do not yet know whether the contrac- 
tion wave is normally conducted from muscle cell to muscle cell in 
the vertebrate heart, but according to Guenther ! the sodium chloride 

rhythm in strips from the tortoise ventricle is at first confined to the 

part of the strip immersed in the solution. The same author states 

that this is also true for curarized skeletal muscle. In other words, 

the sodium chloride rhythm of skeletal muscle is of such a nature 

that one end of the muscle cell may be in rhythmic activity while the 

other end is at rest, despite the fact that the whole fibre retains its 

normal conductivity and contractility. The interpretation of the fact 

for the tortoise ventricle may be the same as suggested above for the 

Limulus heart. The main difficulty in testing the hypothesis in the 

vertebrate heart is the unsettled question of the normal mechanism 

of conduction. 

1 GUENTHER: This journal, 1905, xiv, p. 73. 



OBSERVATIONS ON HUMAN CHYLE. 

By TORALD SOLLMANN. 

[From the Pharmacological Laboratory of Western Reserve University, and the Surgical 

Service of Lakeside Hospital, Cleveland, Ohio.) 

INTRODUCTORY. 

OUNDS of the thoracic duct or its branches are not infrequent 

in operations on the neck.!_ The permission of Dr. D. P. Allen 

to utilize a case of this kind at Lakeside Hospital gave occasion to 

the following observations. I am indebted to Dr. J. A. Hofmann for 

the collection of the fluids. 

Clinical abstract. — A branch of the thoracic duct was cut during the excision 

of some tubercular cervical lymph glands, on April 19, 1906. The lymph 

flowed from the wound in a continuous stream. The flow continued free 

for some days. On April 27 (eight days after the operation) it is esti- 

mated as about 300 c.c. in the twenty-four hours. The amount is dis- 

tinctly less four days later. On May 4 (fifteen days) it is noted as “very 

small.” The discharge has ceased entirely by May 14 (twenty-five days). 

The patient is discharged on May 21, with the wound completely healed. 

The circumstances of the case rendered it impossible to make the 

physiologic and pharmacologic experiments as extensive as I would 

have wished; but the following may not be without some interest: 

Rate of flow.—On the first day of the regular observations 

(April 27, eight days after the operation) ‘the chyle flowed freely 

_through a catheter placed into the wound, and could be collected very 

thoroughly and accurately. Breakfast (consisting of four ounces of 

cooked cereal, coffee, one egg, and one piece of toast) was given at 

7 a.M. One gram of potassium iodid was administered at 8.52 A.M. 

The chyle was collected continuously from 8.45 A.M. until noon, into 

test-tubes which were changed every five minutes until 10 A.M., then 

less frequently. The contents of the test-tubes could not be measured 

1 ALLEN, D. P., and Brices, C. E.: American medicine, Sept. 14-21, I90I. 
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direct y because of clotting; but a close approximation was secured 

by comparison with a control tube of similar size. The quantities in 

Table I are therefore not quite accurate. 

TABLE I. 

FLow oF CHYLE (APRIL 27). 

Quantity | C.c. per five Quantity | C.c. per five 
in ¢c.c. minutes. . - ime. 

in c.c. minutes. T 

8.45-8.50 14.0 14.0 9.40-9.45 9.4 9.4 

8.55 8.7 8.7 9.50 9.0 9.0 

9.00 8.8 8.8 9.55 7.2 7.2 

9.05 10.0 10.0 10.00 11.6 11.6 

9.10 10.4 10.4 10.10 Shey Ad 

9.15 9.4 L 10.20 0.6 0.3 

9.4 : 10.30 0.4 0.2 

10.45 0.3 0.1 

11.15 1.0 

12.00 2.5 

For the seventy minutes between 8.50 and 10, the flow remained 

remarkably constant, from 7.2 to 11.6 c.c. per five minutes, averag- 

ing 9.6 c.c. It then fell quite suddenly to 4.7 c.c., and then remained 

for two hours between 0.3 and 0.1 c.c. per five minutes. The dimi- 

nution could not be ascribed to clogging, nor could it be connected 

with the administration of the iodid; it was probably due to the com- 

pletion of digestion (three hours after eating). A light meal poor in 

fat (egg, toast, custard, and soup), taken at 11.45, had no effect within | 

fifteen minutes. 
Appearance and clotting. — The fluids had a more or less creamy 

appearance, except when collected in the early morning, z.e. after 

fasting, when they became almost or quite clear. All the samples 

showed some clotting when brought to the laboratory. The size of 

the clot varied greatly, corresponding to the degree of cloudiness of 

the fluid, ze. to the quantity of fat enmeshed by the clot. The 

coagulation occurred promptly. In those samples which were of 
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creamy appearance, the entire fluid set into an opaque, fairly con- 

sistent jelly, sufficiently firm to remain in the tube when this was re- 

versed and shaken rather roughly. This clot gradually contracted 

into a thin cord of fibrin, by squeezing out the fat and serum, 

The clear samples did not form a jelly, the clot in this case being 

delicate and transparent and easily overlooked. 

Chemical composition, —I am indebted to Dr. E, D. Brown for the 

determination of the data of Table II. 

TABLE II. 

CHEMICAL COMPOSITION OF THE CHYLE (IN 1000 GM.). 

Water 

Total solids 

Inorganic solids (ash) 

Chlorids as NaCl 

Organic solids 

Proteids (N X 6.25) 

Fatty substances: 
Chloroform extraction . 

Ether extraction . 

Sample A: Morning of April 26, four hours after last meal (19.23 gm. used for analysis). 

Sample B: Evening of April 25, four hours after first, and one-half hour after second 

meal (milk and eggs), 15.394 gm. 

Sample C: Afternoon of April 25, three hours after meal, 21.118 gm. 

Sample I): Mixed collection between April 26 and 27, 168.485 gm. 

The figures for total solids, ash and NaCl are fairly representative 

for human chyle. 

The proteids appear variable: direct estimation in C showed 18.52 

per thousand, while B must have contained nearly 65 per thousand, 

Similar variations are shown by the data of other investigators: thus, 

Paton found 13.7 per thousand, Rees 70.8 per thousand. 

The fat content of the human chyle varies generally between 20 

and 150 per thousand. In this case it is unusually low: the chloro- 

form extract of sample A represented only 0.73 per thousand; the 

ether extract in D, however, approaches closely to the normal lower 
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limit, namely, 19.30 per thousand. This ether extract differed from 

ordinary fat in that 96 per cent of it was soluble in 95 per cent alcohol. 
The alcohol soluble fat (weighing 2.8823 gm.) contained free fatty acid 

corresponding to 0.1165 gm. KOH per gm. of fat; this would corre- 

spond to 0.587 gm. of free acid, expressed as oleic acid per gm. of fat. 

This free acidity is probably due to decomposition of the sample be- 
fore the examination was started. The Koetsdorfer saponification 

number (combined fatty acid) corresponded to 0.1362 gm. KOH 

per gram of fat. The unsaponifiable residue amounted to only 2.5 
per cent of the fat. This did not contain any phosphorus, hence no 

lecithin. 
Appearance of drugs in urine and chyle.—It was planned to uti- 

lize this case mainly for observing the relative rapidity of the appear- 

ance and disappearance of drugs in the chyle and urine. The limited 
number of results, however, are only valuable for orientation. 

Potassium iodid; Method — The iodid in the urine was determined 

by adding to § c.c. of the urine 1 c.c. of 1:4 sulphuric acid, a 

I per cent solution of sodium nitrite drop by drop, and § c.c. of car- 

bon disulphid, and comparing the depth of color. The same method 

was applied to the first twenty samples of chyle with negative results. 

The failure was doubtless due to the combination of the liberated 

iodin with the fat of the chyle. It was attempted to save these 
spoiled samples by adding an excess of sodium hydroxid, evapo- 

rating and incinerating, and testing the ash as above. The results 

were again negative, as also in a control mixture of iodid and olive 

oil, treated in the same manner. Subsequent samples were tested 

with satisfactory results by evaporating directly with sodium hy- 

droxid, charring the residue strongly, extracting with water, neutral- 

izing, and proceeding as for the urines. 

The iodid experiments were begun on April 27, 1 gram of 

potassium iodid being administered by mouth at 8.52 a.m., two hours 

after a light breakfast. The chyle was collected continuously 
through a catheter, the receiving tube being changed at frequent 

intervals; the bladder was emptied spontaneously every ten minutes 

for an hour, then less frequently. The urine flow declined very 
slowly from 6.7 c.c. per ten minutes at 9 A.M. to 4.25 c.c. at noon. 

The flow of the chyle is reported in Table 1. The iodid did not 

cause any noticeable change. 
The excretion by the urine began between eight and twenty min- 

utes after the administration; the iodid concentration was almost 
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maximal in thirty-eight minutes, but increased slightly to one and 

one-half hours. In one and three-fourth hours it had again fallen 

slightly, being about the same as in one hour. This decline contin- 

ued to two and one-fourth hours, when it resembled that of one-half 

hour; at this level it remained to the seventh hour. In twenty-four 

and twenty-six hours it was very much less. None was detected after 

four days. 

Excretion by the chyle.— The first appearance of the iodid could 

not be determined on account of the faulty method. The earliest 

specimen examined correctly was taken three hours after the admin- 

istration of the drug. This contained a fair quantity of iodid, as also 

the subsequent samples up to twelve hours. In the specimens of 

twenty-four and twenty-five hours there were only minute traces. 

None could be discovered in twenty-seven hours or later. 

It would appear therefore that “he todid, after a single administra- 

tion, disappears at about the same time from the urine and chyle. 

Sodium salicylate. —0.3 gram of the salicylate was administered 

by mouth on April 30. The flow of chyle had become quite small 

by this time so that it could not be collected by catheter. The dress- 

ings were changed two and one-half and twenty-three hours after 

giving the drug, and exhausted with boiling water. They faz/ed to 

give a plain salicylate reaction with ferric chlorid, either directly, or 

after acidulation and extraction with ether. The urine was not 

collected. 

Santonin. — 0.13 gram was given by mouth on May 1. The fluids 

were not tested for santonin itself, but for the peculiar product which 

gives a red color with alkalies. The urine gave no reaction in an 

hour; a slight red color in two hours, a deeper color in three hours. 

The tint remained nearly uniform in the hourly samples to the end 

of the seventh hour, when the collection was discontinued. The chyle 

did not give the reaction, the gauze being changed and examined every 

hour for seven hours. 
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